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DISTINGUISHING BOLTS FROM SCREWS

STEEL SCREWS AND BOLTS are classified in Chapter 73, Harmonized Tariff Schedule
of the United States (HTSUS) under heading 7318. The tariff has separate provisions for
the different types of screws and bolts, and separate provisions for threaded and non-
threaded fasteners. The tariff pages covering the various types of steel screws and bolts can
be found by checking the latest version of the HTSUS at www.usitc.gov. 

U.S. Customs and Border Protection uses fastener industry standards to distinguish bolts
from screws. When a fastener is described in a fastener industry dimensional standard as
either a screw or a bolt, that standard is followed; otherwise ANSI/ASME B18.2.1-1981,
Specification for Identification of Bolts and Screws, (the “Specification”) provides a well-
recognized, comprehensive basis for the common and commercial meaning of bolt and
screw as understood by the fastener industry in the United States.

The Specification includes both primary and supplementary criteria. If a fastener does
not meet the primary criteria and does not conform to a fastener industry standard for a
bolt, then it probably is a screw. The supplementary criteria help distinguish bolts from
screws. These rules are subordinate to Customs rulings and court decisions. 

Specification

The following definitions are based on Specification for Identification of Bolts and
Screws, ANSI/ASME B18.2.1 1981. This specification establishes a recommended proce-
dure for determining the identity of an externally threaded fastener as a bolt or as a screw. 

Bolt: A bolt is an externally threaded fastener designed for insertion through the holes in
assembled parts, and is normally intended to be tightened or released by torquing a nut. 

Screw: A screw is an externally threaded fastener capable of being inserted into holes in
assembled parts, of mating with a preformed internal thread or forming its own thread, and
of being tightened or released by torquing the head. 

Explanatory Data.—A bolt is designed for assembly with a nut. A screw has features in
its design that make it capable of being used in a tapped or preformed hole in the work. It is
possible to use certain types of screws in combination with a nut. Any externally threaded
fastener which has a majority of the design characteristics which assist its proper use in a
tapped or other preformed hole is a screw, regardless of how it is used in service .

Procedure.—To identify an externally threaded fastener as a bolt or as a screw, two sets of
criteria, Primary and Supplementary, shall be applied. The primary criteria shall be
applied first. Any fastener which satisfies one of the primary criteria shall be identified
accordingly, and no further examination need be made. The supplementary criteria shall be
applied to a fastener which does not satisfy completely any one of the primary criteria. The
supplementary criteria detail the principal features in the design of an externally threaded
fastener that contribute to its proper use as a screw. A fastener having a majority of these
characteristics shall be identified as a screw. 

Primary Criteria.—1) An externally threaded fastener, which because of head design or
other feature, is prevented from being turned during assembly, and which can be tightened
or released only by torquing a nut, is a bolt. Example:Round head bolts, track bolts, plow
bolts.

2) An externally threaded fastener, which has a thread form which prohibits assembly
with a nut having a straight thread of multiple pitch length, is a screw. Example:Wood
screws, tapping screws.

3)  An externally threaded fastener, which must be assembled with a nut to perform its
intended service, is a bolt. Example:Heavy hex structural bolt.

4)  An externally threaded fastener, that must be torqued by its head into a tapped or pre-
formed hole to perform its intended service is a screw. Example:Square head set screw. 
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FASTENERS 1427

Supplementary Criteria.—When applying the supplementary criteria compare the spec-
ification drawing to which the fastener was made to the drawing of an industry standard
fastener in order to see if a given tolerance is fine like a screw, or coarse like a bolt. 

Underhead Fillet: A screw should have a controlled fillet at the junction of the head with
the body. Because of the severe combined torsion and tension stresses at this junction when
torquing the head, the minimum limits of the fillet radius should be specified. Because the
screw must be capable of being turned through a minimum clearance hole and into an
immovable tapped hole, the maximum limits of the fillet radius should be specified to
assure solid seating of the head, and to prevent interference at the top of the hole with the
junction of head to body. Example:An underhead fillet is the concave junction at the head
and the shank intersection of a headed fastener.

Head Angularity: The angularity (squareness) of the underhead bearing surface with the
shank of a screw should be controlled to minimize eccentric loading in the screw or assem-
bled parts, and to assure complete seating and uniform underhead bearing pressure.

Example:Angularity is the angle between the axes of two surfaces of a fastener.
Bearing Surface: The under head bearing surface of a screw should be smooth and flat to

minimize frictional resistance during tightening, to prevent scoring of the surface against
which the head is turned, and to produce uniform clamping loads. Example:  The bearing
surface is the supporting or locating surface of a fastener with respect to the part which it
fastens (mates). The loading of a fastener is usually through the bearing surface. 

Body: The body of a screw should be closely controlled in accuracy of size and round-
ness. To fit effectively through a minimum clearance hole, the body diameter must have
close tolerances, preferably unilateral on the minus side. Example:The body of a threaded
fastener is the unthreaded portion of the shank.

Shank Straightness: The shank of a screw should be particularly straight to permit ready
engagement with the internal thread, to prevent eccentric loading in the fastener or assem-
bled parts, and to minimize interference with the walls of a minimum clearance hole.

Example, Bow or Camber:Bow or camber is the amount that a side of a surface of a fas-
tener deviates from being straight. 

Thread Concentricity: The threads of a screw should be concentric with the body axis
within close limits to permit assembly into a tapped hole (which usually has a length of
thread engagement longer than a nut) without binding of the body against the walls of a
minimum clearance hole.

Thread length: Length of thread on a screw must be sufficient to develop the full strength
of the fastener in tapped holes in various materials. Length of complete thread is defined
as the axial length of a thread section having full form at both crest and root but also includ-
ing a maximum of two pitches at the start of the thread which may have a chamfer or
incomplete crests.

Point: A screw should have a chamfered, or other specially prepared point at its end to
facilitate entry into the hole and easy start with the internal thread, which may be distant
from the top of the hole. The point also protects the first thread, which, if damaged, may
gall or scar the internal thread throughout its entire length. Example:The point of a fas-
tener is the configuration of the end of the shank of a headed fastener or of each end of a
headless fastener.

Length: The length of a screw should be closely toleranced with variance preferably uni-
lateral on the minus side to prevent bottoming in a tapped hole. Example:The length of a
headed fastener is the distance from the intersection of the largest diameter of the head with
the bearing surface to the extreme point, measured in a line parallel to the axis of the fas-
tener. Exceptions: The length of a shoulder screw and a socket head shoulder screw is the
length of the shoulder. The length of a headless fastener is the distance from one extreme
point to the other, measured in a line parallel to the axis of the fastener. 
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TORQUE AND TENSION IN FASTENERS

Tightening Bolts.—Bolts are often tightened by applying torque to the head or nut, which
causes the bolt to stretch. The stretching results in bolt tension or preload, which is the
force that holds a joint together. Torque is relatively easy to measure with a torque wrench,
so it is the most frequently used indicator of bolt tension. Unfortunately, a torque wrench
does not measure bolt tension accurately, mainly because it does not take friction into
account. The friction depends on bolt, nut, and washer material, surface smoothness,
machining accuracy, degree of lubrication, and the number of times a bolt has been
installed. Fastener manufacturers often provide information for determining torque
requirements for tightening various bolts, accounting for friction and other effects. If this
information is not available, the methods described in what follows give general guide-
lines for determining how much tension should be present in a bolt, and how much torque
may need to be applied to arrive at that tension.

High preload tension helps keep bolts tight, increases joint strength, creates friction
between parts to resist shear, and improves the fatigue resistance of bolted connections.
The recommended preload Fi, which can be used for either static (stationary) or fatigue
(alternating) applications, can be determined from: Fi = 0.75 × At × Sp for reusable connec-
tions, and Fi = 0.9 × At × Sp for permanent connections. In these formulas, Fi is the bolt pre-
load, At is the tensile stress area of the bolt, and Sp is the proof strength of the bolt.
Determine At from screw-thread tables or by means of formulas in this section. Proof
strength Sp of commonly used ASTM and SAE steel fasteners is given in this section and in
the section on metric screws and bolts for those fasteners. For other materials, an approxi-
mate value of proof strength can be obtained from: Sp = 0.85 × Sy, where Sy is the yield
strength of the material. Soft materials should not be used for threaded fasteners.

Once the required preload has been determined, one of the best ways to be sure that a bolt
is properly tensioned is to measure its tension directly with a strain gage. Next best is to
measure the change in length (elongation) of the bolt during tightening, using a microme-
ter or dial indicator. Each of the following two formulas calculates the required change in
length of a bolt needed to make the bolt tension equal to the recommended preload. The
change in length δ of the bolt is given by:

In Equation (1), Fi is the bolt preload; Ad is the major-diameter area of the bolt; At is the
tensile-stress area of the bolt; E is the bolt modulus of elasticity; lt is the length of the
threaded portion of the fastener within the grip; and ld is the length of the unthreaded por-
tion of the grip. Here, the grip is defined as the total thickness of the clamped material.
Equation (2) is a simplified formula for use when the area of the fastener is constant, and
gives approximately the same results as Equation (1). In Equation (2), l is the bolt length; A
is the bolt area; and δ, Fi, and E are as described before.

If measuring bolt elongation is not possible, the torque necessary to tighten the bolt must
be estimated. If the recommended preload is known, use the following general relation for
the torque: T = K × Fi × d, where T is the wrench torque, K is a constant that depends on the
bolt material and size, Fi is the preload, and d is the nominal bolt diameter. A value of K =
0.2 may be used in this equation for mild-steel bolts in the size range of 1⁄4 to 1 inch. For
other steel bolts, use the following values of K: nonplated black finish, 0.3; zinc-plated,
0.2; lubricated, 0.18; cadmium-plated, 0.16. Check with bolt manufacturers and suppliers
for values of K to use with bolts of other sizes and materials.

(1) or (2)δ Fi

Ad lt At ld×+×
Ad At E××

-------------------------------------×= δ
Fi l×
A E×
-------------=
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The proper torque to use for tightening bolts in sizes up to about 1⁄2 inch may also be deter-
mined by trial. Test a bolt by measuring the amount of torque required to fracture it (use
bolt, nut, and washers equivalent to those chosen for the real application). Then, use a
tightening torque of about 50 to 60 per cent of the fracture torque determined by the test.
The tension in a bolt tightened using this procedure will be about 60 to 70 per cent of the
elastic limit (yield strength) of the bolt material.

The table that follows can be used to get a rough idea of the torque necessary to properly
tension a bolt by using the bolt diameter d and the coefficients b and m from the table; the
approximate tightening torque T in ft-lb for the listed fasteners is obtained by solving the
equation T = 10b+m log d. This equation is approximate, for use with unlubricated fasteners
as supplied by the mill. See the notes at the end of the table for more details on using the
equation.

Wrench Torque T = 10b+m log d for Steel Bolts, Studs, and Cap Screws (see notes)

Usage: Values calculated using the preceding equation are for standard, unplated industrial fasten-
ers as received from the manufacturer; for cadmium-plated cap screws, multiply the torque by 0.9;
for cadmium-plated nuts and bolts, multiply the torque by 0.8; for fasteners used with special lubri-
cants, multiply the torque by 0.9; for studs, use cap screw values for equivalent grade.

Preload for Bolts in Loaded Joints.—The following recommendations are based on
MIL-HDBK-60, a subsection of FED-STD-H28, Screw Thread Standards for Federal Ser-
vice. Generally, bolt preload in joints should be high enough to maintain joint members in
contact and in compression. Loss of compression in a joint may result in leakage of pres-
surized fluids past compression gaskets, loosening of fasteners under conditions of cyclic
loading, and reduction of fastener fatigue life.

The relationship between fastener fatigue life and fastener preload is illustrated by Fig. 1.
An axially loaded bolted joint in which there is no bolt preload is represented by line OAB,
that is, the bolt load is equal to the joint load. When joint load varies between Pa and Pb, the
bolt load varies accordingly between PBa and PBb. However, if preload PB1 is applied to the
bolt, the joint is compressed and bolt load changes more slowly than the joint load (indi-
cated by line PB1A, whose slope is less than line OAB) because some of the load is
absorbed as a reduction of compression in the joint. Thus, the axial load applied to the joint
varies between PBa ′ and PBb ′ as joint load varies between Pa and Pb. This condition results
in a considerable reduction in cyclic bolt-load variation and thereby increases the fatigue
life of the fastener.
Preload for Bolts In Shear.—In shear-loaded joints, with members that slide, the joint
members transmit shear loads to the fasteners in the joint and the preload must be sufficient
to hold the joint members in contact. In joints that do not slide (i.e., there is no relative
motion between joint members), shear loads are transmitted within the joint by frictional
forces that mainly result from the preload. Therefore, preload must be great enough for the
resulting friction forces to be greater than the applied shear force. With high applied shear
loads, the shear stress induced in the fastener during application of the preload must also be

Fastener Grade(s) Bolt Diameter d (in.) m b

SAE 2, ASTM A307 1⁄4 to 3 2.940 2.533

SAE 3 1⁄4 to 3 3.060 2.775

ASTM A-449, A-354-BB, SAE 5 1⁄4 to 3 2.965 2.759

ASTM A-325a

a Values for permanent fastenings on steel structures. 

1⁄2 to 11⁄2 2.922 2.893

ASTM A-354-BC 1⁄4 to 5⁄8 3.046 2.837

SAE 6, SAE 7 1⁄4 to 3 3.095 2.948

SAE 8 1⁄4 to 3 3.095 2.983

ASTM A-354-BD, ASTM A490a 3⁄8 to 13⁄4 3.092 3.057

Socket Head Cap Screws 1⁄4 to 3 3.096 3.014
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1430 TORQUE AND TENSION IN FASTENERS

considered in the bolted-joint design. Joints with combined axial and shear loads must be
analyzed to ensure that the bolts will not fail in either tension or shear.

Fig. 1. Bolt Load in a Joint with Applied Axial Load

General Application of Preload.—Preload values should be based on joint require-
ments, as outlined before. Fastener applications are generally designed for maximum utili-
zation of the fastener material; that is to say, the fastener size is the minimum required to
perform its function and a maximum safe preload is generally applied to it. However, if a
low-strength fastener is replaced by one of higher strength, for the sake of convenience or
standardization, the preload in the replacement should not be increased beyond that
required in the original fastener.

To utilize the maximum amount of bolt strength, bolts are sometimes tightened to or
beyond the yield point of the material. This practice is generally limited to ductile materi-
als, where there is considerable difference between the yield strength and the ultimate
(breaking) strength, because low-ductility materials are more likely to fail due to unex-
pected overloads when preloaded to yield. Joints designed for primarily static load condi-
tions that use ductile bolts, with a yield strain that is relatively far from the strain at fracture,
are often preloaded above the yield point of the bolt material. Methods for tightening up to
and beyond the yield point include tightening by feel without special tools, and the use of
electronic equipment designed to compare the applied torque with the angular rotation of
the fastener and detect changes that occur in the elastic properties of fasteners at yield.

Bolt loads are maintained below the yield point in joints subjected to cyclic loading and
in joints using bolts of high-strength material where the yield strain is close to the strain at
fracture. For these conditions, the maximum preloads generally fall within the following
ranges: 50 to 80 per cent of the minimum tensile ultimate strength; 75 to 90 per cent of the
minimum tensile yield strength or proof load; or 100 per cent of the observed proportional
limit or onset of yield.

Bolt heads, driving recesses (in socket screws, for example), and the juncture of head and
shank must be sufficiently strong to withstand the preload and any additional stress
encountered during tightening. There must also be sufficient thread to prevent stripping
(generally, at least three fully engaged threads). Materials susceptible to stress-corrosion
cracking may require further preload limitations.
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Preload Adjustments.—Preloads may be applied directly by axial loading or indirectly
by turning of the nut or bolt. When preload is applied by turning of nuts or bolts, a torsion
load component is added to the desired axial bolt load. This combined loading increases
the tensile stress on the bolt. It is frequently assumed that the additional torsion load com-
ponent dissipates quickly after the driving force is removed and, therefore, can be largely
ignored. This assumption may be reasonable for fasteners loaded near to or beyond yield
strength, but for critical applications where bolt tension must be maintained below yield, it
is important to adjust the axial tension requirements to include the effects of the preload
torsion. For this adjustment, the combined tensile stress (von Mises stress) Ftc in psi (MPa)
can be calculated from the following:

(3)

where Ft is the axial applied tensile stress in psi (MPa), and Fs is the shear stress in psi
(MPa) caused by the torsion load application.

Some of the torsion load on a bolt, acquired when applying a preload, may be released by
springback when the wrenching torque is removed. The amount of relaxation depends on
the friction under the bolt head or nut. With controlled back turning of the nut, the torsional
load may be reduced or eliminated without loss of axial load, reducing bolt stress and low-
ering creep and fatigue potential. However, calculation and control of the back-turn angle
is difficult, so this method has limited application and cannot be used for short bolts
because of the small angles involved.

For relatively soft work-hardenable materials, tightening bolts in a joint slightly beyond
yield will work-harden the bolt to some degree. Back turning of the bolt to the desired ten-
sion will reduce embedment and metal flow and improve resistance to preload loss.

The following formula for use with single-start Unified inch screw threads calculates the
combined tensile stress, Ftc:

(4)

Single-start UNJ screw threads in accordance with MIL-S-8879 have a thread stress
diameter equal to the bolt pitch diameter. For these threads, Ftc can be calculated from:

(5)

where µ is the coefficient of friction between threads, P is the thread pitch (P = 1/n, and n is
the number of threads per inch), and d2 is the bolt-thread pitch diameter in inches. Both
Equations (2) and  (3) are derived from Equation (1); thus, the quantity within the radical
( ) represents the proportion of increase in axial bolt tension resulting from preload tor-
sion. In these equations, tensile stress due to torsion load application becomes most signif-
icant when the thread friction, µ, is high.

Coefficients of Friction for Bolts and Nuts.—Table 1 gives examples of coefficients of
friction that are frequently used in determining torque requirements. Dry threads, indi-
cated by the words "None added" in the Lubricant column, are assumed to have some
residual machine oil lubrication. Table 1 values are not valid for threads that have been
cleaned to remove all traces of lubrication because the coefficient of friction of these
threads may be very much higher unless a plating or other film is acting as a lubricant.

Ftc Ft
2 3Fs

2+=

Ftc Ft 1 3 1.96 2.31µ+
1 0.325P d2⁄–
------------------------------------ 1.96–
 

 
2

+=

Ftc Ft 1 3 0.637P
d2

----------------- 2.31µ+
 

 
2

+=
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1432 TORQUE AND TENSION IN FASTENERS

Table 1. Coefficients of Friction of Bolts and Nuts

Where two materials are separated by a slash (/), either may be the bolt material; the other is the nut
material.

Preload Relaxation.—Local yielding, due to excess bearing stress under nuts and bolt
heads (caused by high local spots, rough surface finish, and lack of perfect squareness of
bolt and nut bearing surfaces), may result in preload relaxation after preloads are first
applied to a bolt. Bolt tension also may be unevenly distributed over the threads in a joint,
so thread deformation may occur, causing the load to be redistributed more evenly over the
threaded length. Preload relaxation occurs over a period of minutes to hours after the appli-
cation of the preload, so retightening after several minutes to several days may be required.
As a general rule, an allowance for loss of preload of about 10 per cent may be made when
designing a joint.

Increasing the resilience of a joint will make it more resistant to local yielding, that is,
there will be less loss of preload due to yielding. When practical, a joint-length to bolt-
diameter ratio of 4 or more is recommended (e.g., a 1⁄4-inch bolt and a 1-inch or greater joint
length). Through bolts, far-side tapped holes, spacers, and washers can be used in the joint
design to improve the joint-length to bolt-diameter ratio.

Over an extended period of time, preload may be reduced or completely lost due to vibra-
tion; temperature cycling, including changes in ambient temperature; creep; joint load; and
other factors. An increase in the initial bolt preload or the use of thread-locking methods
that prevent relative motion of the joint may reduce the problem of preload relaxation due
to vibration and temperature cycling. Creep is generally a high-temperature effect,
although some loss of bolt tension can be expected even at normal temperatures. Harder
materials and creep-resistant materials should be considered if creep is a problem or high-
temperature service of the joint is expected.

The mechanical properties of fastener materials vary significantly with temperature, and
allowance must be made for these changes when ambient temperatures range beyond 30 to
200°F. Mechanical properties that may change include tensile strength, yield strength, and
modulus of elasticity. Where bolts and flange materials are generically dissimilar, such as
carbon steel and corrosion-resistant steel or steel and brass, differences in thermal expan-
sion that might cause preload to increase or decrease must be taken into consideration.

Methods of Applying and Measuring Preload.—Depending on the tightening method,
the accuracy of preload application may vary up to 25 per cent or more. Care must be taken
to maintain the calibration of torque and load indicators. Allowance should be made for
uncertainties in bolt load to prevent overstressing the bolts or failing to obtain sufficient
preload. The method of tensioning should be based on the required accuracy and relative
costs.

Bolt/Nut
Materials Lubricant

Coefficient of
Friction, µ ± 20%

Steela

a “Steel” includes carbon and low-alloy steels but not corrosion-resistant steels. 

Graphite in petrolatum or oil 0.07
Molybdenum disulfide grease 0.11
Machine oil 0.15

Steel,a cadmium-plated None added 0.12

Steel,a zinc-plated None added 0.17

Steela/bronze None added 0.15

Corrosion-resistant steel or
nickel-base alloys/silver-
plated materials

None added 0.14

Titanium/steela Graphite in petrolatum 0.08

Titanium Molybdenum disulfide grease 0.10
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TORQUE AND TENSION IN FASTENERS 1433

The most common methods of bolt tension control are indirect because it is usually diffi-
cult or impractical to measure the tension produced in each fastener during assembly.
Table 2 lists the most frequently used methods of applying bolt preload and the approxi-
mate accuracy of each method. For many applications, fastener tension can be satisfacto-
rily controlled within certain limits by applying a known torque to the fastener. Laboratory
tests have shown that whereas a satisfactory torque tension relationship can be established
for a given set of conditions, a change of any of the variables, such as fastener material, sur-
face finish, and the presence or absence of lubrication, may severely alter the relationship.
Because most of the applied torque is absorbed in intermediate friction, a change in the sur-
face roughness of the bearing surfaces or a change in the lubrication will drastically affect
the friction and thus the torque tension relationship. Regardless of the method or accuracy
of applying the preload, tension will decrease in time if the bolt, nut, or washer seating
faces deform under load, if the bolt stretches or creeps under tensile load, or if cyclic load-
ing causes relative motion between joint members.

Table 2. Accuracy of Bolt Preload Application Methods

Tightening methods using power drivers are similar in accuracy to equivalent manual methods.

Elongation Measurement.—Bolt elongation is directly proportional to axial stress when
the applied stress is within the elastic range of the material. If both ends of a bolt are acces-
sible, a micrometer measurement of bolt length made before and after the application of
tension will ensure the required axial stress is applied. The elongation δ in inches (mm) can
be determined from the formula δ = Ft × LB ÷ E, given the required axial stress Ft in psi
(MPa), the bolt modulus of elasticity E in psi (MPa), and the effective bolt length LB in
inches (mm). LB, as indicated in Fig. 2, includes the contribution of bolt area and ends
(head and nut) and is calculated from:

(6)

where dts is the thread stress diameter, d is the bolt diameter, Ls is the unthreaded length of
the bolt shank, Lj is the overall joint length, HB is the height of the bolt head, and HN is the
height of the nut.

Fig. 2. Effective Length Applicable in Elongation Formulas

Method Accuracy Method Accuracy

By feel ±35% Computer-controlled wrench

Torque wrench ±25% below yield (turn-of-nut) ±15%

Turn-of-nut ±15% yield-point sensing ±8%

Preload indicating washer ±10% Bolt elongation ±3−5%

Strain gages ±1% Ultrasonic sensing ±1%
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1434 TORQUE AND TENSION IN FASTENERS

The micrometer method is most easily and accurately applied to bolts that are essentially
uniform throughout the bolt length, that is, threaded along the entire length or that have
only a few threads in the bolt grip area. If the bolt geometry is complex, such as tapered or
stepped, the elongation is equal to the sum of the elongations of each section with allow-
ances made for transitional stresses in bolt head height and nut engagement length.

The direct method of measuring elongation is practical only if both ends of a bolt are
accessible. Otherwise, if the diameter of the bolt or stud is sufficiently large, an axial hole
can be drilled, as shown in Fig. 3, and a micrometer depth gage or other means used to
determine the change in length of the hole as the fastener is tightened. A similar method
uses a special indicating bolt that has a blind axial hole containing a pin fixed at the bottom.
The pin is usually made flush with the bolt head surface before load application. As the bolt
is loaded, the elongation causes the end of the pin to move below the reference surface. The
displacement of the pin can be converted directly into unit stress by means of a calibrated
gage. In some bolts of this type, the pin is set a distance above the bolt so that the pin is flush
with the bolt head when the required axial load is reached.

Fig. 3. Hole Drilled to Measure Elongation When One End of Stud or Bolt Is Not Accessible

The ultrasonic method of measuring elongation uses a sound pulse, generated at one end
of a bolt, that travels the length of a bolt, bounces off the far end, and returns to the sound
generator in a measured period of time. The time required for the sound pulse to return
depends on the length of the bolt and the speed of sound in the bolt material. The speed of
sound in the bolt depends on the material, the temperature, and the stress level. The ultra-
sonic measurement system can compute the stress, load, or elongation of the bolt at any
time by comparing the pulse travel time in the loaded and unstressed conditions. In a simi-
lar method, measuring round-trip transit times of longitudinal and shear wave sonic pulses
allows calculation of tensile stress in a bolt without consideration of bolt length. This
method permits checking bolt tension at any time and does not require a record of the ultra-
sonic characteristics of each bolt at zero load.

To ensure consistent results, the ultrasonic method requires that both ends of the bolt be
finished square to the bolt axis. The accuracy of ultrasonic measurement compares favor-
ably with strain gage methods, but is limited by sonic velocity variations between bolts of
the same material and by corrections that must be made for unstressed portions of the bolt
heads and threads.

The turn-of-nut method applies preload by turning a nut through an angle that corre-
sponds to a given elongation. The elongation of the bolt is related to the angle turned by the
formula: δB = θ × l ÷ 360, where δB is the elongation in inches (mm), θ is the turn angle of
the nut in degrees, and l is the lead of the thread helix in inches (mm). Substituting Ft × LB

÷ E for elongation δB in this equation gives the turn-of-nut angle required to attain preload
Ft:

(7)

where LB is given by Equation (6), and E is the modulus of elasticity.
Accuracy of the turn-of-nut method is affected by elastic deformation of the threads, by

roughness of the bearing surfaces, and by the difficulty of determining the starting point for
measuring the angle. The starting point is usually found by tightening the nut enough to
seat the contact surfaces firmly, and then loosening it just enough to release any tension
and twisting in the bolt. The nut-turn angle will be different for each bolt size, length, mate-
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θ 360
FtLB
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rial, and thread lead. The preceding method of calculating the nut-turn angle also requires
elongation of the bolt without a corresponding compression of the joint material. The turn-
of-nut method, as just outlined, is not valid for joints with compressible gaskets or other
soft material, or if there is a significant deformation of the nut and joint material relative to
that of the bolt. The nut-turn angle would then have to be determined empirically using a
simulated joint and a tension-measuring device.

The Japanese Industrial Standards (JIS) Handbook, Fasteners and Screw Threads, indi-
cates that the turn-of-nut tightening method is applicable in both elastic and plastic region
tightening. Refer to JIS B 1083 for more detail on this subject.

Heating causes a bolt to expand at a rate proportional to its coefficient of expansion.
When a hot bolt and nut are fastened in a joint and cooled, the bolt shrinks and tension is
developed. The temperature necessary to develop an axial stress, Ft, (when the stress is
below the elastic limit) can be found as follows:

(8)

In this equation, T is the temperature in degrees Fahrenheit needed to develop the axial ten-
sile stress Ft in psi, E is the bolt material modulus of elasticity in psi, e is the coefficient of
linear expansion in in./in.-°F, and To is the temperature in degrees Fahrenheit to which the
bolt will be cooled. T − To is, therefore, the temperature change of the bolt. In finite-ele-
ment simulations, heating and cooling are frequently used to preload mesh elements in ten-
sion or compression. Equation (8) can be used to determine required temperature changes
in such problems.

Example:A tensile stress of 40,000 psi is required for a steel bolt in a joint operating at
70°F. If E is 30 × 106 psi and e is 6.2 × 10−6 in./in.-°F, determine the temperature of the bolt
needed to develop the required stress on cooling.

In practice, the bolt is heated slightly above the required temperature (to allow for some
cooling while the nut is screwed down) and the nut is tightened snugly. Tension develops
as the bolt cools. In another method, the nut is tightened snugly on the bolt, and the bolt is
heated in place. When the bolt has elongated sufficiently, as indicated by inserting a thick-
ness gage between the nut and the bearing surface of the joint, the nut is tightened. The bolt
develops the required tension as it cools; however, preload may be lost if the joint temper-
ature increases appreciably while the bolt is being heated.

Calculating Thread Tensile-Stress Area.—The tensile-stress area for Unified threads is
based on a diameter equivalent to the mean of the pitch and minor diameters. The pitch and
the minor diameters for Unified screw threads can be found from the major (nominal)
diameter, d, and the screw pitch, P = 1/n, where n is the number of threads per inch, by use
of the following formulas: the pitch diameter dp = d − 0.649519 × P; the minor diameter dm

= d − 1.299038 × P. The tensile stress area, As, for Unified threads can then be found as
follows:

(9)

UNJ threads in accordance with MIL-S-8879 have a tensile thread area that is usually
considered to be at the basic bolt pitch diameter; for these threads, . The ten-
sile stress area for Unified screw threads is smaller than this area, so the required tightening
torque for UNJ threaded bolts is greater than for an equally stressed Unified threaded bolt

T
Ft

Ee
------ To+=

T 40 000,
30 106×( ) 6.2 10 6–×( )

-------------------------------------------------------- 70+ 285°F= =
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1436 TORQUE AND TENSION IN FASTENERS

in an equivalent joint. To convert tightening torque for a Unified fastener to the equivalent
torque required with a UNJ fastener, use the following relationship:

(10)

where d is the basic thread major diameter, and n is the number of threads per inch.
The tensile stress area for metric threads is based on a diameter equivalent to the mean of

the pitch diameter and a diameter obtained by subtracting 1⁄6 the height of the fundamental
thread triangle from the external-thread minor diameter. The Japanese Industrial Standard
JIS B 1082 (see also ISO 898 ⁄1) defines the stress area of metric screw threads as follows:

(11)

In Equation (11), As is the stress area of the metric screw thread in mm2; d2 is the pitch
diameter of the external thread in mm, given by d2 = d − 0.649515 × P; and d3 is defined by
d3 = d1 − H/6. Here, d is the nominal bolt diameter; P is the thread pitch; d1 = d − 1.082532
× P is the minor diameter of the external thread in mm; and H = 0.866025 × P is the height
of the fundamental thread triangle. Substituting the formulas for d2 and d3 into Equation
(11) results in As = 0.7854(d − 0.9382P)2.

The stress area, As, of Unified threads in mm2 is given in JIS B 1082 as:

(12)

Relation between Torque and Clamping Force.—The Japanese Industrial Standard JIS
B 1803 defines fastener tightening torque Tf as the sum of the bearing surface torque Tw and
the shank (threaded) portion torque Ts. The relationship between the applied tightening
torque and bolt preload Fft is as follows: Tf = Ts + Tw = K × Ff × d. In the preceding, d is the
nominal diameter of the screw thread, and K is the torque coefficient defined as follows:

(13)

where P is the screw thread pitch; µs is the coefficient of friction between threads; d2 is the
pitch diameter of the thread; µw is the coefficient of friction between bearing surfaces; Dw

is the equivalent diameter of the friction torque bearing surfaces; and α′ is the flank angle
at the ridge perpendicular section of the thread ridge, defined by tan α′ = tan α cos β, where
α is the thread half angle (30°, for example), and β is the thread helix, or lead, angle. β can
be found from tan β = l ÷ 2πr, where l is the thread lead, and r is the thread radius (i.e., one-
half the nominal diameter d). When the bearing surface contact area is circular, Dw can be
obtained as follows:

(14)

where Do and Di are the outside and inside diameters, respectively, of the bearing surface
contact area.

The torques attributable to the threaded portion of a fastener, Ts, and bearing surfaces of
a joint, Tw, are as follows:

(15) (16)
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TORQUE AND TENSION IN FASTENERS 1437

where Ff, P, µ, d2, α′, µw, and Dw are as previously defined.

Tables 3 and 4 give values of torque coefficient K for coarse- and fine-pitch metric screw
threads corresponding to various values of µs and µw. When a fastener material yields
according to the shearing-strain energy theory, the torque corresponding to the yield
clamping force (see Fig. 4) is Tfy = K × Ffy × d, where the yield clamping force Ffy is given
by:

(17)

Table 3. Torque Coefficients K for Metric Hexagon Head
Bolt and Nut Coarse Screw Threads

Values in the table are average values of torque coefficient calculated using: Equations (13) and
(14) for K and Dw; diameters d of 4, 5, 6, 8, 10, 12, 16, 20, 24, 30, and 36 mm; and selected corre-
sponding pitches P and pitch diameters d2 according to JIS B 0205 (ISO 724) thread standard.
Dimension Di was obtained for a Class 2 fit without chamfer from JIS B 1001, Diameters of Clear-
ance Holes and Counterbores for Bolts and Screws (equivalent to ISO 273-1979). The value of Do

was obtained by multiplying the reference dimension from JIS B 1002, width across the flats of the
hexagon head, by 0.95.

Fig. 4. The Relationship between Bolt Elongation and Axial Tightening Tension

Coefficient of Friction

Between
Threads,

µs

Between Bearing Surfaces, µw

0.08 0.10 0.12 0.15 0.20 0.25 0.30 0.35 0.40 0.45

0.08 0.117 0.130 0.143 0.163 0.195 0.228 0.261 0.293 0.326 0.359

0.10 0.127 0.140 0.153 0.173 0.206 0.239 0.271 0.304 0.337 0.369

0.12 0.138 0.151 0.164 0.184 0.216 0.249 0.282 0.314 0.347 0.380

0.15 0.153 0.167 0.180 0.199 0.232 0.265 0.297 0.330 0.363 0.396

0.20 0.180 0.193 0.206 0.226 0.258 0.291 0.324 0.356 0.389 0.422

0.25 0.206 0.219 0.232 0.252 0.284 0.317 0.350 0.383 0.415 0.448

0.30 0.232 0.245 0.258 0.278 0.311 0.343 0.376 0.409 0.442 0.474

0.35 0.258 0.271 0.284 0.304 0.337 0.370 0.402 0.435 0.468 0.500

0.40 0.285 0.298 0.311 0.330 0.363 0.396 0.428 0.461 0.494 0.527

0.45 0.311 0.324 0.337 0.357 0.389 0.422 0.455 0.487 0.520 0.553
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Table 4. Torque Coefficients K for Metric Hexagon Head
Bolt and Nut Fine-Screw Threads

Values in the table are average values of torque coefficient calculated using Equations (13) and
(14) for K and Dw; diameters d of 8, 10, 12, 16, 20, 24, 30, and 36 mm; and selected respective pitches
P and pitch diameters d2 according to JIS B 0207 thread standard (ISO 724). Dimension Di was
obtained for a Class 1 fit without chamfer from JIS B 1001, Diameters of Clearance Holes and Coun-
terbores for Bolts and Screws (equivalent to ISO 273-1979). The value of Do was obtained by multi-
plying the reference dimension from JIS B 1002 (small type series), width across the flats of the
hexagon head, by 0.95.
In Equation (17), σy is the yield point or proof stress of the bolt, As is the stress area of the

thread, and dA = (4As/π)1 ⁄2 is the diameter of a circle having an area equal to the stress area
of the thread. The other variables have been identified previously.

Example:Find the torque required to tighten a 10-mm coarse-threaded (P = 1.5) grade
8.8 bolt to yield assuming that both the thread- and bearing-friction coefficients are 0.12.

Solution: From Equation (17), calculate Ffy and then solve Tfy = KFfyd to obtain the torque
required to stress the bolt to the yield point.

σy =800 N/mm2 (MPa) (minimum, based on 8.8 grade rating)
As =0.7854(10 − 0.9382 × 1.5)2 = 57.99 mm2

dA =(4As/π)1 ⁄2 = 8.6 mm
d2 =9.026 mm (see JIS B 0205 or ISO 724)

Find α′ from tan α′ = tan α cos β using:

α = 30°; tan β = l ÷ 2πr; l = P = 1.5; and r = d ÷ 2 = 5 mm
tan β = 1.5 ÷ 10π = 0.048, therefore β = 2.73°
tan α′ = tan α cos β = tan 30° × cos 2.73° = 0.577, and α′ = 29.97°

Solving Equation (17) gives the yield clamping force as follows:

K can be determined from Tables 3 (coarse thread) and Tables 4 (fine thread) or from Equa-
tions (13) and  (14). From Table 3, for µs and µw equal to 0.12, K = 0.164. The yield-point
tightening torque can then be found from Tfy = K × Ffy × d = 0.164 × 38,075 × 10 =  62.4 ×
103 N-mm = 62.4 N-m.
Obtaining Torque and Friction Coefficients.—Given suitable test equipment, the
torque coefficient K and friction coefficients between threads µs or between bearing sur-
faces µw can be determined experimentally as follows: Measure the value of the axial tight-

Coefficient of Friction

Between
Threads,

µs

Between Bearing Surfaces, µw

0.08 0.10 0.12 0.15 0.20 0.25 0.30 0.35 0.40 0.45

0.08 0.106 0.118 0.130 0.148 0.177 0.207 0.237 0.267 0.296 0.326

0.10 0.117 0.129 0.141 0.158 0.188 0.218 0.248 0.278 0.307 0.337

0.12 0.128 0.140 0.151 0.169 0.199 0.229 0.259 0.288 0.318 0.348

0.15 0.144 0.156 0.168 0.186 0.215 0.245 0.275 0.305 0.334 0.364

0.20 0.171 0.183 0.195 0.213 0.242 0.272 0.302 0.332 0.361 0.391

0.25 0.198 0.210 0.222 0.240 0.270 0.299 0.329 0.359 0.389 0.418

0.30 0.225 0.237 0.249 0.267 0.297 0.326 0.356 0.386 0.416 0.445

0.35 0.252 0.264 0.276 0.294 0.324 0.353 0.383 0.413 0.443 0.472

0.40 0.279 0.291 0.303 0.321 0.351 0.381 0.410 0.440 0.470 0.500

0.45 0.306 0.318 0.330 0.348 0.378 0.408 0.437 0.467 0.497 0.527

Ffy
800 58.0×
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ening tension and the corresponding tightening torque at an arbitrary point in the 50 to 80
per cent range of the bolt yield point or proof stress (for steel bolts, use the minimum value
of the yield point or proof stress multiplied by the stress area of the bolt). Repeat this test
several times and average the results. The tightening torque may be considered as the sum
of the torque on the threads plus the torque on the bolt head- or nut-to-joint bearing surface.
The torque coefficient can be found from K = Tf ÷ Ff × d, where Ff is the measured axial
tension, and Tf is the measured tightening torque.

To measure the coefficient of friction between threads or bearing surfaces, obtain the
total tightening torque and that portion of the torque due to the thread or bearing surface
friction. If only tightening torque and the torque on the bearing surfaces can be measured,
then the difference between these two measurements can be taken as the thread-tightening
torque. Likewise, if only the tightening torque and threaded-portion torque are known, the
torque due to bearing can be taken as the difference between the known torques. The coef-
ficients of friction between threads and bearing surfaces, respectively, can be obtained
from the following:

As before, Ts is the torque attributable to the threaded portion of the screw, Tw is the
torque due to bearing, Dw is the equivalent diameter of friction torque on bearing surfaces
according to Equation (14), and Ff is the measured axial tension.

Torque-Tension Relationships.—Torque is usually applied to develop an axial load in a
bolt. To achieve the desired axial load in a bolt, the torque must overcome friction in the
threads and friction under the nut or bolt head. In Fig. 5, the axial load PB is a component of
the normal force developed between threads. The normal-force component perpendicular
to the thread helix is PNβ and the other component of this force is the torque load PB tan β
that is applied in tightening the fastener. Assuming the turning force is applied at the pitch
diameter of the thread, the torque T1 needed to develop the axial load is T1 = PB × tan β ×
d2/2. Substituting tan β = l ÷ πd2 into the previous expression gives T1 = PB × l ÷ 2π.

In Fig. 6, the normal-force component perpendicular to the thread flanks is PNα. With a
coefficient of friction µ1 between the threads, the friction load is equal to µ1 PNα, or µ1 PB ÷
cos α. Assuming the force is applied at the pitch diameter of the thread, the torque T2 to
overcome thread friction is given by:

(20)

(18) (19)

Fig. 5. Free Body Diagram of Thread Helix Forces Fig. 6. Thread Friction Force
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1440 TORQUE AND TENSION IN FASTENERS

With the coefficient of friction µ2 between a nut or bolt-head pressure face and a compo-
nent face, as in Fig. 7, the friction load is equal to µ2PB. Assuming the force is applied mid-
way between the nominal (bolt) diameter d and the pressure-face diameter b, the torque T3
to overcome the nut or bolt underhead friction is:

(21)

The total torque, T, required to develop axial bolt load, PB, is equal to the sum of the
torques T1, T2, and T3 as follows:

(22)

For a fastener system with 60° threads, α = 30° and d2 is approximately 0.92d. If no loose
washer is used under the rotated nut or bolt head, b is approximately 1.5d and Equation (22)
reduces to:

(23)

In addition to the conditions of Equation (23), if the thread and bearing friction coeffi-
cients, µ1 and µ2, are equal (which is not necessarily so), then µ1 = µ2 = µ, and the previous
equation reduces to:

(24)

Example:Estimate the torque required to tighten a UNC 1⁄2-13 grade 8 steel bolt to a pre-
load equivalent to 55 per cent of the minimum tensile bolt strength. Assume that the bolt is
unplated and both the thread and bearing friction coefficients equal 0.15.

Solution: The minimum tensile strength for SAE grade 8 bolt material is 150,000 psi
(from page 1441). To use Equation (24), find the stress area of the bolt using Equation (9)
with P = 1 ⁄13, dm = d − 1.2990P, and dp = d − 0.6495P, and then calculate the necessary
preload, PB, and the applied torque, T.

Fig. 7. Nut or Bolt Head Friction Force

T3
d b+

4
------------µ2PB=

T PB
l

2π
------

d2µ1

2 αcos
----------------

d b+( )µ2

4
-----------------------+ +

 

 =

T PB 0.159 l d+× 0.531µ1 0.625µ2+( )[ ]=

T PB 0.159l 1.156µd+( )=
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π
4
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 
2

0.1419 in.2= =

PB σallow As 0.55 150 000,× 0.1419 11 707  lbf,=×=×=

T 11 707 0.159
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 
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TORQUE AND TENSION IN FASTENERS 1441

Grade Marks and Material Properties for Bolts and Screws.—Bolts ,  screws,  and
other fasteners are marked on the head with a symbol that identifies the grade of the fas-
tener. The grade specification establishes the minimum mechanical properties that the fas-
tener must meet. Additionally, industrial fasteners must be stamped with a registered head
mark that identifies the manufacturer. The grade identification table identifies the grade
markings and gives mechanical properties for some commonly used ASTM and SAE steel
fasteners. Metric fasteners are identified by property grade marks, which are specified in
ISO and SAE standards. These marks are discussed with metric fasteners.

Grade Identification Marks and Mechanical Properties of Bolts and Screws

Material Steel: 1—low or medium carbon; 2—medium carbon; 3—low carbon; 4—low-carbon
martensite; 5—weathering steel; 6—alloy steel; 7— medium-carbon alloy. Treatment: a—cold
drawn; b—quench and temper.

Identifier Grade
Size
(in.)

Min. Strength
(103 psi)

Material
&

TreatmentProof Tensile Yield

A

SAE Grade 1 1⁄4 to 11⁄2 33 60 36 1

ASTM A307 1⁄4 to 11⁄2 33 60 36 3

SAE Grade 2
1⁄4 to 3⁄4 55 74 57

1
7⁄8 to 11⁄2 33 60 36

SAE Grade 4 1⁄4 to 11⁄2 65 115 100 2, a

B

SAE Grade 5 1⁄4 to 1 85 120 92

2,bASTM A449 11⁄8 to 11⁄2 74 105 81

ASTM A449 13⁄4 to 3 55 90 58

C SAE Grade 5.2 1⁄4 to 1 85 120 92 4, b

D ASTM A325, Type 1
1⁄2 to 1 85 120 92

2,b
11⁄8 to 11⁄2 74 105 81

E ASTM A325, Type 2
1⁄2 to 1 85 120 92

4, b
11⁄8 to 11⁄2 74 105 81

F ASTM A325, Type 3
1⁄2 to 1 85 120 92

5, b
11⁄8 to 11⁄2 74 105 81

G ASTM A354, Grade BC
1⁄4 to 21⁄2 105 125 109

5,b
23⁄4 to 4 95 115 99

H SAE Grade 7 1⁄4 to 11⁄2 105 133 115 7, b

I
SAE Grade 8 1⁄4 to 11⁄2 120 150 130 7, b

ASTM A354, Grade BD 1⁄4 to 11⁄2 120 150 130 6, b

J SAE Grade 8.2 1⁄4 to 1 120 150 130 4, b

K ASTM A490, Type 1
1⁄2 to 11⁄2 120 150 130

6, b

L ASTM A490, Type 3 5, b

NO MARK
A B C D

A 325

E

A 325

F

A 325

G

BC

H I J K

A 490

L

A 490
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1442 BOLTS AND NUTS

Detecting Counterfeit Fasteners.—Fasteners that have markings identifying them as
belonging to a specific grade or property class are counterfeit if they do not meet the stan-
dards established for that class. Counterfeit fasteners may break unexpectedly at smaller
loads than expected. Generally, these fasteners are made from the wrong material or they
are not properly strengthened during manufacture. Either way, counterfeit fasteners can
lead to dangerous failures in assemblies. The law now requires testing of fasteners used in
some critical applications. Detection of counterfeit fasteners is difficult because the coun-
terfeits look genuine. The only sure way to determine if a fastener meets its specification is
to test it. However, reputable distributors will assist in verifying the authenticity of the fas-
teners they sell. For important applications, fasteners can be checked to determine whether
they perform according to the standard. Typical laboratory checks used to detect fakes
include testing hardness, elongation, and ultimate loading, and a variety of chemical tests.

Mechanical Properties and Grade Markings of Nuts.—Three grades of hex and square
nuts designated Grades 2, 5, and 8 are specified by the SAE J995 standard covering nuts in
the 1⁄4 - to 11⁄2 - inch diameter range. Grades 2, 5, and 8 nuts roughly correspond to the SAE
specified bolts of the same grade. Additional specifications are given for miscellaneous
nuts such as hex jam nuts, hex slotted nuts, heavy hex nuts, etc. Generally speaking, use
nuts of a grade equal to or greater than the grade of the bolt being used. Grade 2 nuts are not
required to be marked, however, all Grades 5 and 8 nuts in the 1⁄4 - to 11⁄2 -inch range must be
marked in one of three ways: Grade 5 nuts may be marked with a dot on the face of the nut
and a radial or circumferential mark at 120° counterclockwise from the dot; or a dot at one
corner of the nut and a radial line at 120° clockwise from the nut, or one notch at each of the
six corners of the nut. Grade 8 nuts may be identified by a dot on the face of the nut with a
radial or circumferential mark at 60° counterclockwise from the dot; or a dot at one corner
of the nut and a radial line at 60° clockwise from the nut, or two notches at each of the six
corners of the nut.

Working Strength of Bolts.—When the nut on a bolt is tightened, an initial tensile load is
placed on the bolt that must be taken into account in determining its safe working strength
or external load-carrying capacity. The total load on the bolt theoretically varies from a
maximum equal to the sum of the initial and external loads (when the bolt is absolutely
rigid and the parts held together are elastic) to a minimum equal to either the initial or exter-
nal loads, whichever is the greater (where the bolt is elastic and the parts held together are
absolutely rigid). No material is absolutely rigid, so in practice the total load values fall
somewhere between these maximum and minimum limits, depending upon the relative
elasticity of the bolt and joint members.

Some experiments made at Cornell University to determine the initial stress due to tight-
ening nuts on bolts sufficiently to make a packed joint steam-tight showed that experi-
enced mechanics tighten nuts with a pull roughly proportional to the bolt diameter. It was
also found that the stress due to nut tightening was often sufficient to break a 1⁄2-inch (12.7-
mm) bolt, but not larger sizes, assuming that the nut is tightened by an experienced
mechanic. It may be concluded, therefore, that bolts smaller than 5⁄8 inch (15.9 mm) should
not be used for holding cylinder heads or other parts requiring a tight joint. As a result of
these tests, the following empirical formula was established for the working strength of
bolts used for packed joints or joints where the elasticity of a gasket is greater than the elas-
ticity of the studs or bolts.

In this formula, W = working strength of bolt or permissible load, in pounds, after allow-
ance is made for initial load due to tightening; St = allowable working stress in tension,
pounds per square inch; and d = nominal outside diameter of stud or bolt, inches. A some-
what more convenient formula, and one that gives approximately the same results, is

W St 0.55d2 0.25d–( )=
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BOLTS AND NUTS 1443

In this formula, W, St, and d are as previously given, and A = area at the root of the thread,
square inches.

Example:What is the working strength of a 1-inch bolt that is screwed tightly in a packed
joint when the allowable working stress is 10,000 psi?

Formulas for Stress Areas and Lengths of Engagement of Screw Threads.—The
critical areas of stress of mating screw threads are: 1) The effective cross-sectional area, or
tensile-stress area, of the external thread;  2) the shear area of the external thread, which
depends principally on the minor diameter of the tapped hole;  and  3) the shear area of the
internal thread, which depends principally on the major diameter of the external thread.
The relation of these three stress areas to each other is an important factor in determining
how a threaded connection will fail, whether by breakage in the threaded section of the
screw (or bolt) or by stripping of either the external or internal thread.

If failure of a threaded assembly should occur, it is preferable for the screw to break
rather than have either the external or internal thread strip. In other words, the length of
engagement of mating threads should be sufficient to carry the full load necessary to break
the screw without the threads stripping.

If mating internal and external threads are manufactured of materials having equal tensile
strengths, then to prevent stripping of the external thread, the length of engagement should
be not less than that given by Formula (1):

(1)

In this formula, the factor of 2 means that it is assumed that the area of the screw in shear
must be twice the tensile-stress area to attain the full strength of the screw (this value is
slightly larger than required and thus provides a small factor of safety against stripping); Le

= length of engagement, in inches; n = number of threads per inch; Kn max = maximum
minor diameter of internal thread; Es min = minimum pitch diameter of external thread for
the class of thread specified; and At = tensile-stress area of screw thread given by Formula
(2a) or (2b) or the thread tables for Unified threads, Tables 4a through 5h starting on
page 1750, which are based on Formula (2a).

For steels of up to 100,000 psi ultimate tensile strength,

(2a)

For steels of over 100,000 psi ultimate tensile strength,

(2b)

In these formulas, D = basic major diameter of the thread and the other symbols have the
same meanings as before.

Stripping of Internal Thread: If the internal thread is made of material of lower strength
than the external thread, stripping of the internal thread may take place before the screw
breaks. To determine whether this condition exists, it is necessary to calculate the factor J
for the relative strength of the external and internal threads given by Formula (3):

(3)

W St A 0.25d–( )=

W 10 000 0.55 1
2

0.25–× 1×( ), 3000 pounds approx.= =

Le

2 At×
3.1416Knmax 1⁄2 0.57735+ n Esmin Knmax–( )[ ]
---------------------------------------------------------------------------------------------------------------------=

At 0.7854 D 0.9743
n

----------------–
 

 
2

=

At 3.1416
Esmin

2
--------------- 0.16238

n
-------------------–

 

 

2
=

J
As tensile strength of external thread material×
An tensile strength of internal thread material×
-----------------------------------------------------------------------------------------------------------------=
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1444 LOCK WIRE PROCEEDURE

If J is less than or equal to 1, the length of engagement determined by Formula (1) is ade-
quate to prevent stripping of the internal thread; if J is greater than 1, the required length of
engagement Q to prevent stripping of the internal thread is obtained by multiplying the
length of engagement Le, Formula (1), by J:

(4)

In Formula (3), As and An are the shear areas of the external and internal threads, respec-
tively, given by Formulas (5) and (6):

(5)

(6)

In these formulas, n = threads per inch; Le = length of engagement from Formula (1); Kn

max = maximum minor diameter of internal thread; Es min = minimum pitch diameter of
the external thread for the class of thread specified; Ds min = minimum major diameter of
the external thread; and En max = maximum pitch diameter of internal thread.

Load to Break Threaded Portion of Screws and Bolts.—The direct tensile load P to
break the threaded portion of a screw or bolt (assuming that no shearing or torsional
stresses are acting) can be determined from the following formula:

where P = load in pounds to break screw; S = ultimate tensile strength of material of screw
or bolt in pounds per square inch; and At = tensile-stress area in square inches from For-
mula (2a), (2b), or from the screw thread tables.

Lock Wire Procedure Detail.—Wire ties are frequently used as a locking device for
bolted connections to prevent loosening due to vibration and loading conditions, or tam-
pering. The use of safety wire ties is illustrated in Figs. 1 and 2 below. The illustrations
assume the use of right-hand threaded fasteners and the following additional rules apply:

1) No more that three (3) bolts may be tied together;  2) Bolt heads may be tied as shown
only when the female thread receiver is captive;  3) Pre-drilled nuts may be tied in a fash-
ion similar to that illustrated with the following conditions.  a) Nuts must be heat-treated;
and  b) Nuts are factory drilled for use with lock wire.

4) Lock wire must fill a minimum of 75% of the drilled hole provided for the use of lock
wire;  and  5) Lock wire must be aircraft quality stainless steel of 0.508 mm (0.020 inch)
diameter, 0.8128 mm (0.032 inch) diameter, or 1.067 mm (0.042 inch) diameter. Diameter
of lock wire is determined by the thread size of the fastener to be safe-tied. a) Thread sizes
of 6 mm (0.25 inch) and smaller use 0.508mm (0.020 inch) wire;  b) Thread sizes of 6 mm
(0.25 inch) to 12 mm (0.5 inch) use 0.8128 mm (0.032 inch) wire;  c) Thread sizes > 12
mm (0.5 inch) use 1.067 mm (0.042 inch) wire;  and  d) The larger wire may be used in
smaller bolts in cases of convenience, but smaller wire must not be used in larger fastener
sizes.

Fig. 1. Three (3) Bolt Procedure Fig. 2. Two (2) Bolt Procedure

Q JLe=

As 3.1416nLeKnmax 1
2n
------ 0.57735 Esmin Knmax–( )+=

An 3.1416nLeDsmin 1
2n
------ 0.57735 Dsmin Enmax–( )+=

P SAt=
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BOLTS AND NUTS 1445

INCH THREADED FASTENERS

Dimensions of bolts, screws, nuts, and washers used in machine construction are given
here. For data on thread forms, see the section SCREW THREAD SYSTEMS starting on
page 1712.

American Square and Hexagon Bolts, Screws, and Nuts.—The 1941 American Stan-
dard ASA B18.2 covered head dimensions only. In 1952 and 1955 the Standard was
revised to cover the entire product. Some bolt and nut classifications were simplified by
elimination or consolidation in agreements reached with the British and Canadians. In
1965 ASA B18.2 was redesignated into two standards: B18.2.1 covering square and hexa-
gon bolts and screws including hexagon cap screws and lag screws and B18.2.2 covering
square and hexagon nuts. In B18.2.1-1965, hexagon head cap screws and finished hexagon
bolts were consolidated into a single product heavy semifinished hexagon bolts and heavy
finished hexagon bolts were consolidated into a single product; regular semifinished hexa-
gon bolts were eliminated; a new tolerance pattern for all bolts and screws and a positive
identification procedure for determining whether an externally threaded product should be
designated as a bolt or screw were established. Also included in this standard are heavy
hexagon bolts and heavy hexagon structural bolts. In B18.2.2-1965, regular semifinished
nuts were discontinued; regular hexagon and heavy hexagon nuts in sizes 1⁄4 through 1 inch,
finished hexagon nuts in sizes larger than 11⁄2 inches, washer-faced semifinished style of
finished nuts in sizes 5⁄8-inch and smaller and heavy series nuts in sizes 7⁄16-inch and smaller
were eliminated.

Further revisions and refinements include the addition of a skew head bolts and hex head
lag screws and the specifying of countersunk diameters for the various hex nuts. Heavy hex
structural bolts and heavy hex nuts were moved to a new structural applications standard.
Additionally, B18.2.1 has been revised to allow easier conformance to Public Law 101-
592. All these changes are reflected in ANSI/ASME B18.2.1-1996, and ANSI/ASME
B18.2.2-1987 (R1999).

Unified Square and Hexagon Bolts, Screws, and Nuts.—Items that are recognized in
the Standard as “unified” dimensionally with British and Canadian standards are shown in
bold-face in certain tables.

The other items in the same tables are based on formulas accepted and published by the
British for sizes outside the ranges listed in their standards which, as a matter of informa-
tion, are BS 1768:1963 (obsolescent) for Precision (Normal Series) Unified Hexagon
Bolts, Screws, Nuts (UNC and UNF Threads) and B.S. 1769 and amendments for Black
(Heavy Series) Unified Hexagon Bolts, etc. Tolerances applied to comparable dimensions
of American and British Unified bolts and nuts may differ because of rounding off prac-
tices and other factors.

Differentiation between Bolt and Screw.—A bolt is an externally threaded fastener
designed for insertion through holes in assembled parts, and is normally intended to be
tightened or released by torquing a nut.

A screw is an externally threaded fastener capable of being inserted into holes in assem-
bled parts, of mating with a preformed internal thread or forming its own thread and of
being tightened or released by torquing the head.

An externally threaded fastener which is prevented from being turned during assembly,
and which can be tightened or released only by torquing a nut is a bolt. (Example: round
head bolts, track bolts, plow bolts.)

An externally threaded fastener that has a thread form which prohibits assembly with a
nut having a straight thread of multiple pitch length is a screw. (Example: wood screws,
tapping screws.)
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1446 BOLTS AND NUTS

An externally threaded fastener that must be assembled with a nut to perform its intended
service is a bolt. (Example: heavy hex structural bolt.)

An externally threaded fastener that must be torqued by its head into a tapped or other
preformed hole to perform its intended service is a screw. (Example: square head set
screw.)

Square and Hex Bolts, Screws, and Nuts.—The dimensions for square and hex bolts
and screws given in the following tables have been taken from American National Stan-
dard ANSI/ASME B18.2.1-1996 and for nuts from American National Standard
ANSI/ASME B18.2.2-1987 (R1999) Reference should be made to these Standards for
information or data not found in the following text and tables:

Designation: Bolts and screws should be designated by the following data in the
sequence shown: nominal size (fractional and decimal equivalent); threads per inch (omit
for lag screws); product length for bolts and screws (fractional or two-place decimal equiv-
alent); product name; material, including specification, where necessary; and protective
finish, if required. Examples: (1) 3⁄8-16 × 11⁄2 Square Bolt, Steel, Zinc Plated; (2) 1⁄2-13 × 3

Fig. 1. Square Bolts ( Table 1 )

Fig. 2. Heavy Hex Structural Bolts ( Table 2 ) Fig. 3. Hex Bolts, Heavy Hex Bolts (Table 3 )

Fig. 4. Hex Cap Screws, Heavy Hex Screws (Table 4)

Fig. 5. Hex Nuts, Heavy Hex Nuts (Table 7) Fig. 6. Hex Jam Nuts, Heavy Hex Jam Nuts (Table 7)
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Hex Cap Screw, SAE Grade 8 Steel; and (3) .75 × 5.00 Hex Lag Screw, Steel. (4) 1⁄2-13
Square Nut, Steel, Zinc Plated; (5) 3⁄4-16 Heavy Hex Nut, SAE J995 Grade 5 Steel; and (6)
1000-8 Hex Thick Slotted Nut, ASTM F594 (Alloy Group 1) Corrosion-Resistant Steel.

All dimensions are in inches. Bold type shows bolts unified dimensionally with British and
Canadian Standards. Threads, when rolled, shall be Unified Coarse, Fine, or 8-thread series
(UNRC, UNRF, or 8 UNR Series), Class 2A. Threads produced by other methods may be Unified
Coarse, Fine, or 8-thread series (UNC, UNF, or 8 UN Series), Class 2A.

Table 1. American National Standard and Unified Standard Square Bolts
 ANSI/ASME B18.2.1-1996

SQUARE BOLTS (Fig. 1)

Nominal
Sizea or Basic
Product Dia.

a Where specifying nominal size in decimals, zeros  before the decimal point and in the fourth deci-
mal place are omitted. 

Body
Dia.bE

b See Body Diameter footnote in Table 3.

Width Across
Flats F

Width Across
Corners G

Head Height
H

Thread
Lengthc LT

c Thread lengths, LT, shown are for bolt lengths 6 inches and shorter. For longer bolt lengths add
0.250 inch to thread lengths shown. 

Max. Basic Max. Min. Max. Min. Basic Max. Min. Nom.
1⁄4 0.2500 0.260 3⁄8 0.375 0.362 0.530 0.498 11⁄64 0.188 0.156 0.750

5⁄16 0.3125 0.324 1⁄2 0.500 0.484 0.707 0.665 13⁄64 0.220 0.186 0.875

3⁄8 0.3750 0.388 9⁄16 0.562 0.544 0.795 0.747 1⁄4 0.268 0.232 1.000

7⁄16 0.4375 0.452 5⁄8 0.625 0.603 0.884 0.828 19⁄64 0.316 0.278 1.125

1⁄2 0.5000 0.515 3⁄4 0.750 0.725 1.061 0.995 21⁄64 0.348 0.308 1.250

5⁄8 0.6250 0.642 15⁄16 0.938 0.906 1.326 1.244 27⁄64 0.444 0.400 1.500

3⁄4 0.7500 0.768 11⁄8 1.125 1.088 1.591 1.494 1⁄2 0.524 0.476 1.750

7⁄8 0.8750 0.895 15⁄16 1.312 1.269 1.856 1.742 19⁄32 0.620 0.568 2.000

1 1.0000 1.022 11⁄2 1.500 1.450 2.121 1.991 21⁄32 0.684 0.628 2.250

11⁄8 1.1250 1.149 111⁄16 1.688 1.631 2.386 2.239 3⁄4 0.780 0.720 2.500

11⁄4 1.2500 1.277 17⁄8 1.875 1.812 2.652 2.489 27⁄32 0.876 0.812 2.750

13⁄8 1.3750 1.404 21⁄16 2.602 1.994 2.917 2.738 29⁄32 0.940 0.872 3.000

11⁄2 1.5000 1.531 21⁄4 2.250 2.175 3.182 2.986 1 1.036 0.964 3.250

Table 2. American National Standard Heavy Hex Structural Bolts 
 ANSI/ASME B18.2.1-1981 (R1992)a

a Heavy hex structural bolts have been removed from the latest version, ANSI/ASME B18.2.1-1996.
The table has been included for reference. 

HEAVY HEX STRUCTURAL BOLTS (Fig. 2)

Nominal Sizea

or Basic
Product Dia.

Body
Dia.E

Width Across
Flats F

Width Across
Corners G

Height
H

Radius
of Fillet

R
Thrd.

Lgth.LT

Transi-
tion

Thrd.Y

Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Basic Max.

1⁄2 0.5000 0.515 0.482 0.875 0.850 1.010 0.969 0.323 0.302 0.031 0.009 1.00 0.19

5⁄8 0.6250 0.642 0.605 1.062 1.031 1.227 1.175 0.403 0.378 0.062 0.021 1.25 0.22

3⁄4 0.7500 0.768 0.729 1.250 1.212 1.443 1.383 0.483 0.455 0.062 0.021 1.38 0.25

7⁄8 0.8750 0.895 0.852 1.438 1.394 1.660 1.589 0.563 0.531 0.062 0.031 1.50 0.28

1 1.0000 1.022 0.976 1.625 1.575 1.876 1.796 0.627 0.591 0.093 0.062 1.75 0.31

11⁄8 1.1250 1.149 1.098 1.812 1.756 2.093 2.002 0.718 0.658 0.093 0.062 2.00 0.34

11⁄4 1.2500 1.277 1.223 2.000 1.938 2.309 2.209 0.813 0.749 0.093 0.062 2.00 0.38

13⁄8 1.3750 1.404 1.345 2.188 2.119 2.526 2.416 0.878 0.810 0.093 0.062 2.25 0.44

11⁄2 1.5000 1.531 1.470 2.375 2.300 2.742 2.622 0.974 0.902 0.093 0.062 2.25 0.44
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1448 BOLTS AND NUTS

All dimensions are in inches.
Bold type shows bolts unified dimensionally with British and Canadian Standards.
Threads: Threads, when rolled, are Unified Coarse, Fine, or 8-thread series (UNRC, UNRF, or 8

UNR Series), Class 2A. Threads produced by other methods may be Unified Coarse, Fine or 8-thread
series (UNC, UNF, or 8 UN Series), Class 2A.

Body Diameter: Bolts may be obtained in  “reduced diameter body.” Where  “reduced diameter
body” is specified, the body diameter may be reduced to approximately the pitch diameter of the
thread. A shoulder of full body diameter under the head may be supplied at the option of the manu-
facturer.

Material: Unless otherwise specified, chemical and mechanical properties of steel bolts conform
to ASTM A307, Grade A. Other materials are as agreed upon by manufacturer and purchaser.

Table 3. American National Standard and Unified Standard Hex and
Heavy Hex Bolts ANSI/ASME B18.2.1-1996

Nominal
Sizea or Basic

Dia.

a Nominal Size: Where specifying nominal size in decimals, zeros preceding the decimal point and
in the fourth decimal place are omitted. 

Full Size
Body Dia.E

Width Across
Flats F

Width Across
Corners G

Head Height
H

Thread
Lengthb LT

b Thread lengths, LT, shown are for bolt lengths 6 inches and shorter. For longer bolt lengths add
0.250 inch to thread lengths shown. 

Max. Basic Max. Min. Max. Min. Basic Max. Min. Nom.
HEX BOLTS (Fig. 3)

1⁄4 0.2500 0.260 7⁄16 0.438 0.425 0.505 0.484 11⁄64 0.188 0.150 0.750
5⁄16 0.3125 0.324 1⁄2 0.500 0.484 0.577 0.552 7⁄32 0.235 0.195 0.875
3⁄8 0.3750 0.388 9⁄16 0.562 0.544 0.650 0.620 1⁄4 0.268 0.226 1.000
7⁄16 0.4375 0.452 5⁄8 0.625 0.603 0.722 0.687 19⁄64 0.316 0.272 1.125
1⁄2 0.5000 0.515 3⁄4 0.750 0.725 0.866 0.826 11⁄32 0.364 0.302 1.250
5⁄8 0.6250 0.642 15⁄16 0.938 0.906 1.083 1.033 27⁄64 0.444 0.378 1.500
3⁄4 0.7500 0.768 11⁄8 1.125 1.088 1.299 1.240 1⁄2 0.524 0.455 1.750
7⁄8 0.8750 0.895 15⁄16 1.312 1.269 1.516 1.447 37⁄64 0.604 0.531 2.000

1 1.0000 1.022 11⁄2 1.500 1.450 1.732 1.653 43⁄64 0.700 0.591 2.250
11⁄8 1.1250 1.149 111⁄16 1.688 1.631 1.949 1.859 3⁄4 0.780 0.658 2.500
11⁄4 1.2500 1.277 17⁄8 1.875 1.812 2.165 2.066 27⁄32 0.876 0.749 2.750
13⁄8 1.3750 1.404 21⁄16 2.062 1.994 2.382 2.273 29⁄32 0.940 0.810 3.000
11⁄2 1.5000 1.531 21⁄4 2.250 2.175 2.598 2.480 1 1.036 0.902 3.250
13⁄4 1.7500 1.785 25⁄8 2.625 2.538 3.031 2.893 15⁄32 1.196 1.054 3.750
2 2.000 2.039 3 3.000 2.900 3.464 3.306 111⁄32 1.388 1.175 4.250
21⁄4 2.2500 2.305 33⁄8 3.375 3.262 3.897 3.719 11⁄2 1.548 1.327 4.750
21⁄2 2.5000 2.559 33⁄4 3.750 3.625 4.330 4.133 121⁄32 1.708 1.479 5.250
23⁄4 2.7500 2.827 41⁄8 4.125 3.988 4.763 4.546 113⁄16 1.869 1.632 5.750
3 3.0000 3.081 41⁄2 4.500 4.350 5.196 4.959 2 2.060 1.815 6.250
31⁄4 3.2500 3.335 47⁄8 4.875 4.712 5.629 5.372 23⁄16 2.251 1.936 6.750
31⁄2 3.5000 3.589 51⁄4 5.250 5.075 6.062 5.786 25⁄16 2.380 2.057 7.250
33⁄4 3.7500 3.858 55⁄8 5.625 5.437 6.495 6.198 21⁄2 2.572 2.241 7.750
4 4.0000 4.111 6 6.000 5.800 6.928 6.612 211⁄16 2.764 2.424 8.250

HEAVY HEX BOLTS (Fig. 3)

1⁄2 0.5000 0.515 7⁄8 0.875 0.850 1.010 0.969 11⁄32 0.364 0.302 1.250
5⁄8 0.6250 0.642 11⁄16 1.062 1.031 1.227 1.175 27⁄64 0.444 0.378 1.500
3⁄4 0.7500 0.768 11⁄4 1.250 1.212 1.443 1.383 1⁄2 0.524 0.455 1.750
7⁄8 0.8750 0.895 17⁄16 1.438 1.394 1.660 1.589 37⁄64 0.604 0.531 2.000

1 1.0000 1.022 15⁄8 1.625 1.575 1.876 1.796 43⁄64 0.700 0.591 2.250
11⁄8 1.1250 1.149 113⁄16 1.812 1.756 2.093 2.002 3⁄4 0.780 0.658 2.500
11⁄4 1.2500 1.277 2 2.000 1.938 2.309 2.209 27⁄32 0.876 0.749 2.750
13⁄8 1.3750 1.404 23⁄16 2.188 2.119 2.526 2.416 29⁄32 0.940 0.810 3.000
11⁄2 1.5000 1.531 23⁄8 23.75 2.300 2.742 2.622 1 1.036 0.902 3.250
13⁄4 1.7500 1.785 23⁄4 2.750 2.662 3.175 3.035 15⁄32 1.196 1.054 3.750
2 2.0000 2.039 31⁄8 3.125 3.025 3.608 3.449 111⁄32 1.388 1.175 4.250
21⁄4 2.2500 2.305 31⁄2 3.500 3.388 4.041 3.862 11⁄2 1.548 1.327 4.750
21⁄2 2.5000 2.559 37⁄8 3.875 3.750 4.474 4.275 121⁄32 1.708 1.479 5.250
23⁄4 2.7500 2.827 41⁄4 4.250 4.112 4.907 4.688 113⁄16 1.869 1.632 5.750
3 3.0000 3.081 45⁄8 4.625 4.475 5.340 5.102 2 2.060 1.815 6.250
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Table 4. American National Standard and Unified Standard Heavy Hex 
Screws and Hex Cap Screws ANSI/ASME B18.2.1-1996

All dimensions are in inches.
Unification: Bold type indicates product features unified dimensionally with British and

Canadian Standards. Unification of fine thread products is limited to sizes 1 inch and smaller.
Bearing Surface: Bearing surface is flat and washer faced. Diameter of bearing surface is equal to

the maximum width across flats within a tolerance of minus 10 per cent. 
Threads Series: Threads, when rolled, are Unified Coarse, Fine, or 8-thread series (UNRC, UNRF,

or 8 UNR Series), Class 2A. Threads produced by other methods shall preferably be UNRC, UNRF
or 8 UNR but, at manufacturer's option, may be Unified Coarse, Fine or 8-thread series (UNC, UNF,
or 8 UN Series), Class 2A.

Material: Chemical and mechanical properties of steel screws normally conform to Grades 2, 5, or
8 of SAE J429, ASTM A449 or ASTM A354 Grade BD. Where specified, screws may also be made
from brass, bronze, corrosion-resisting steel, aluminum alloy or other materials.

Nominal Sizea

or Basic
Product Dia.

a Nominal Size: Where specifying nominal size in decimals, zeros preceding the decimal and in the
fourth decimal place are omitted. 

Body Dia.
E

Width Across
Flats F

Width Across
Corners G

Height
H

Thread
LengthbLT

b Thread lengths, LT, shown are for bolt lengths 6 inches and shorter. For longer bolt lengths add
0.250 inch to thread lengths shown. 

Max. Min. Basic Max. Min. Max. Min. Basic Max. Min. Basic

HEAVY HEX SCREWS (Fig. 4)

1⁄2 0.5000 0.5000 0.482 7⁄8 0.875 .0850 1.010 0.969 5⁄16 0.323 0.302 1.250
5⁄8 0.6250 0.6250 0.605 11⁄16 1.062 1.031 1.227 1.175 25⁄64 0.403 0.378 1.500
3⁄4 0.7500 0.7500 0.729 11⁄4 1.250 1.212 1.443 1.383 15⁄32 0.483 0.455 1.750
7⁄8 0.8750 0.8750 0.852 17⁄16 1.438 1.394 1.660 1.589 35⁄64 0.563 0.531 2.000

1 1.0000 1.0000 0.976 15⁄8 1.625 1.575 1.876 1.796 39⁄64 0.627 0.591 2.250
11⁄8 1.1250 1.1250 1.098 113⁄16 1.812 1.756 2.093 2.002 11⁄16 0.718 0.658 2.500
11⁄4 1.2500 1.2500 1.223 2 2.000 1.938 2.309 2.209 25⁄32 0.813 0.749 2.750
13⁄8 1.3750 1.3750 1.345 23⁄16 2.188 2.119 2.526 2.416 27⁄32 0.878 0.810 3.000
11⁄2 1.5000 1.5000 1.470 23⁄8 2.375 2.300 2.742 2.622 15⁄16 0.974 0.902 3.250
13⁄4 1.7500 1.7500 1.716 23⁄4 2.750 2.662 3.175 3.035 13⁄32 1.134 1.054 3.750

2 2.0000 2.0000 1.964 31⁄8 3.125 3.025 3.608 3.449 17⁄32 1.263 1.175 4.250
21⁄4 2.2500 2.2500 2.214 31⁄2 3.500 3.388 4.041 3.862 13⁄8 1.423 1.327 5.000c

c Thread lengths, LT, shown are for bolt lengths over 6 inches.  

21⁄2 2.5000 2.5000 2.461 37⁄8 3.875 3.750 4.474 4.275 117⁄32 1.583 1.479 5.500c

23⁄4 2.7500 2.7500 2.711 41⁄4 4.250 41.112 4.907 4.688 111⁄16 1.744 1.632 6.000c

3 3.0000 3.0000 2.961 45⁄8 4.625 4.475 5.340 5.102 17⁄8 1.935 1.815 6.500c

HEX CAP SCREWS (Finished Hex Bolts) (Fig. 4)

1⁄4 0.2500 0.2500 0.2450 7⁄16 0.438 0.428 0.505 0.488 5⁄32 0.163 0.150 0.750
5⁄16 0.3125 0.3125 0.3065 1⁄2 0.500 0.489 0.577 0.557 13⁄64 0.211 0.195 0.875
3⁄8 0.3750 0.3750 0.3690 9⁄16 0.562 0.551 0.650 0.628 15⁄64 0.243 0.226 1.000
7⁄16 0.4375 0.4375 0.4305 5⁄8 0.625 0.612 0.722 0.698 9⁄32 0.291 0.272 1.125
1⁄2 0.5000 0.5000 0.4930 3⁄4 0.750 0.736 0.866 0.840 5⁄16 0.323 0.302 1.250
9⁄16 0.5625 0.5625 0.5545 13⁄16 0.812 0.798 0.938 0.910 23⁄64 0.371 0.348 1.375
5⁄8 0.6250 0.6250 0.6170 15⁄16 0.938 0.922 1.083 1.051 25⁄64 0.403 0.378 1.500
3⁄4 0.7500 0.7500 0.7410 11⁄8 1.125 1.100 1.299 1.254 15⁄32 0.483 0.455 1.750
7⁄8 0.8750 0.8750 0.8660 15⁄16 1.312 1.285 1.516 1.465 35⁄64 0.563 0.531 2.000

1 1.0000 1.0000 0.9900 11⁄2 1.500 1.469 1.732 1.675 39⁄64 0.627 0.591 2.250
11⁄8 1.1250 1.1250 1.1140 111⁄16 1.688 1.631 1.949 1.859 11⁄16 0.718 0.658 2.500
11⁄4 1.2500 1.2500 1.2390 17⁄8 1.875 1.812 2.165 2.066 25⁄35 0.813 0.749 2.750
13⁄8 1.3750 1.3750 1.3630 21⁄16 2.062 1.994 2.382 2.273 27⁄32 0.878 0.810 3.000
11⁄2 1.5000 1.5000 1.4880 21⁄4 2.250 2.175 2.598 2.480 15⁄16 0.974 0.902 3.250
13⁄4 1.7500 1.7500 1.7380 25⁄8 2.625 2.538 3.031 2.893 13⁄32 1.134 1.054 3.750

2 2.0000 2.0000 1.9880 3 3.000 2.900 3.464 3.306 17⁄32 1.263 1.175 4.250
21⁄4 2.2500 2.2500 2.2380 33⁄8 3.375 3.262 3.897 3.719 13⁄8 1.423 1.327 5.000c

21⁄2 2.5000 2.5000 2.4880 33⁄4 3.750 3.625 4.330 4.133 117⁄32 1.583 1.479 5.500c

23⁄4 2.7500 2.7500 2.7380 41⁄8 4.125 3.988 4.763 4.546 111⁄16 1.744 1.632 6.000c

3 3.0000 3.0000 2.9880 41⁄2 4.500 4.350 5.196 4.959 17⁄8 1.935 1.815 6.500c
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All dimensions in inches.

Minimum thread length is 1⁄2 length of screw plus 0.50 inch, or 6.00 inches, whichever is shorter. Screws too short for the formula thread length shall be threaded as
close to the head as practicable.

Thread formulas: Pitch = 1 ÷ thds. per inch. Flat at root = 0.4305 × pitch. Depth of single thread = 0.385 × pitch.

Table 5. American National Standard Square Lag Screws ANSI/ASME B18.2.1-1996

Nominal Sizea

or Basic
Product

Dia.

a When specifying decimal nominal size, zeros before decimal point and in fourth decimal place are omitted. 

Body or
Shoulder

Dia. E

Width Across
Flats

F

Width Across
Corners

G
Height

H

Shoulder
Length

S

Radius
of Fillet

R

Thds.
per
Inch Thread Dimensions

Max. Min. Basic Max. Min. Max. Min. Basic Max. Min. Min. Max.
Pitch

P
Flat at
Root B

Depth of 
Thd.T

Root
Dia.D1

No. 10 0.1900 0.199 0.178 9⁄32 0.281 0.271 0.398 0.372 1⁄8 0.140 0.110 0.094 0.03 11 0.091 0.039 0.035 0.120
1⁄4 0.2500 0.260 0.237 3⁄8 0.375 0.362 0.530 0.498 11⁄64 0.188 0.156 0.094 0.03 10 0.100 0.043 0.039 0.173
5⁄16 0.3125 0.324 0.298 1⁄2 0.500 0.484 0.707 0.665 13⁄64 0.220 0.186 0.125 0.03 9 0.111 0.048 0.043 0.227
3⁄8 0.3750 0.388 0.360 9⁄16 0.562 0.544 0.795 0.747 1⁄4 0.268 0.232 0.125 0.03 7 0.143 0.062 0.055 0.265
7⁄16 0.4375 0.452 0.421 5⁄8 0.625 0.603 0.884 0.828 19⁄64 0.316 0.278 0.156 0.03 7 0.143 0.062 0.055 0.328
1⁄2 0.5000 0.515 0.482 3⁄4 0.750 0.725 1.061 0.995 21⁄64 0.348 0.308 0.156 0.03 6 0.167 0.072 0.064 0.371
5⁄8 0.6250 0.642 0.605 15⁄16 0.938 0.906 1.326 1.244 27⁄64 0.444 0.400 0.312 0.06 5 0.200 0.086 0.077 0.471
3⁄4 0.7500 0.768 0.729 11⁄8 1.125 1.088 1.591 1.494 1⁄2 0.524 0.476 0.375 0.06 41⁄2 0.222 0.096 0.085 0.579
7⁄8 0.8750 0.895 0.852 15⁄16 1.312 1.269 1.856 1.742 19⁄42 0.620 0.568 0.375 0.06 4 0.250 0.108 0.096 0.683

1 1.0000 1.022 0.976 11⁄2 1.500 1.450 2.121 1.991 21⁄32 0.684 0.628 0.625 0.09 31⁄2 0.286 0.123 0.110 0.780

11⁄8 1.1250 1.149 1.098 111⁄16 1.688 1.631 2.386 2.239 3⁄4 0.780 0.720 0.625 0.09 31⁄4 0.308 0.133 0.119 0.887

11⁄4 1.2500 1.277 1.223 17⁄8 1.875 1.812 2.652 2.489 27⁄32 0.876 0.812 0.625 0.09 31⁄4 0.308 0.133 0.119 1.012
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All dimensions in inches.

Minimum thread length is 1⁄2 length of screw plus 0.50 inch, or 6.00 inches, whichever is shorter. Screws too short for the formula thread length shall be threaded as
close to the head as practicable.

Thread formulas: Pitch = 1 ÷ thds. per inch. Flat at root = 0.4305 × pitch. Depth of single thread = 0.385 × pitch.

Table 6. American National Standard Hex Lag Screws  ANSI/ASME B18.2.1-1996

Nominal Sizea

or Basic
 Product Dia.

a When specifying decimal nominal size, zeros before decimal point and in fourth decimal place are omitted. 

Body or
Shoulder Dia.

E
Width Across Flats

F

Width Across Cor-
ners
G

Height
H

Shoulder
Length

S

Radius
of Fillet

R Thds.
per

Inch

Thread Dimensions

Max. Min. Basic Max. Min. Max. Min. Basic Max. Min. Min. Max.
Pitch

P
Flat at Root

B
Depth of Thd.

T
Root Dia.

D1

No. 10 0.1900 0.199 0.178 9⁄32 0.281 0.271 0.323 0.309 1⁄8 0.140 0.110 0.094 0.03 11 0.091 0.039 0.035 0.120
1⁄4 0.2500 0.260 0.237 3⁄8 0.438 0.425 0.505 0.484 11⁄64 0.188 0.150 0.094 0.03 10 0.100 0.043 0.039 0.173
5⁄16 0.3125 0.324 0.298 1⁄2 0.500 0.484 0.577 0.552 7⁄32 0.235 0.195 0.125 0.03 9 0.111 0.048 0.043 0.227
3⁄8 0.3750 0.388 0.360 9⁄16 0.562 0.544 0.650 0.620 1⁄4 0.268 0.226 0.125 0.03 7 0.143 0.062 0.055 0.265
7⁄16 0.4375 0.452 0.421 5⁄8 0.625 0.603 0.722 0.687 19⁄64 0.316 0.272 0.156 0.03 7 0.143 0.062 0.055 0.328
1⁄2 0.5000 0.515 0.482 3⁄4 0.750 0.725 0.866 0.826 11⁄32 0.364 0.302 0.156 0.03 6 0.167 0.072 0.064 0.371
5⁄8 0.6250 0.642 0.605 15⁄16 0.938 0.906 1.083 1.033 27⁄64 0.444 0.378 0.312 0.06 5 0.200 0.086 0.077 0.471
3⁄4 0.7500 0.768 0.729 11⁄8 1.125 1.088 1.299 1.240 1⁄2 0.524 0.455 0.375 0.06 41⁄2 0.222 0.096 0.085 0.579
7⁄8 0.8750 0.895 0.852 15⁄16 1.312 1.269 1.516 1.447 37⁄64 0.604 0.531 0.375 0.06 4 0.250 0.108 0.096 0.683

1 1.0000 1.022 0.976 11⁄2 1.500 1.450 1.732 1.653 43⁄64 0.700 0.591 0.625 0.09 31⁄2 0.286 0.123 0.110 0.780

11⁄8 1.1250 1.149 1.098 111⁄16 1.688 1.631 1.949 1.859 3⁄4 0.780 0.658 0.625 0.09 31⁄4 0.308 0.133 0.119 0.887

11⁄4 1.2500 1.277 1.223 17⁄8 1.875 1.812 2.165 2.066 27⁄32 0.876 0.749 0.625 0.09 31⁄4 0.308 0.133 0.119 1.012
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All dimensions are in inches.

Bold type shows nuts unified dimensionally with British and Canadian Standards.

Threads are Unified Coarse-, Fine-, or 8-thread series (UNC, UNF or 8UN), Class 2B. Unification
of fine-thread nuts is limited to sizes 1 inch and under.

Table 7. American National Standard and Unified Standard Hex Nuts and Jam 
Nuts and Heavy Hex Nuts and Jam Nuts  ANSI/ASME B18.2.2-1987 (R1999)

Nominal Size
 or Basic 

Major Dia. of Thread

Width Across
 Flats F

Width Across
Corners G

Thickness, Nuts
H

Thickness, Jam Nuts
H1

Basic Max. Min. Max. Min. Basic Max. Min. Basic Max. Min.

Hex Nuts (Fig. 5) and Hex Jam Nuts (Fig. 6)

1⁄4 0.2500 7⁄16 0.438 0.428 0.505 0.488 7⁄32 0.226 0.212 5⁄32 0.163 0.150
5⁄16 0.3125 1⁄2 0.500 0.489 0.577 0.557 17⁄64 0.273 0.258 3⁄16 0.195 0.180
3⁄8 0.3750 9⁄16 0.562 0.551 0.650 0.628 21⁄64 0.337 0.320 7⁄32 0.227 0.210
7⁄16 0.4375 11⁄16 0.688 0.675 0.794 0.768 3⁄8 0.385 0.365 1⁄4 0.260 0.240
1⁄2 0.5000 3⁄4 0.750 0.736 0.866 0.840 7⁄16 0.448 0.427 5⁄16 0.323 0.302
9⁄16 0.5625 7⁄8 0.875 0.861 1.010 0.982 31⁄64 0.496 0.473 5⁄16 0.324 0.301
5⁄8 0.6250 15⁄16 0.938 0.922 1.083 1.051 35⁄64 0.559 0.535 3⁄8 0.387 0.363
3⁄4 0.7500 11⁄8 1.125 1.088 1.299 1.240 41⁄64 0.665 0.617 27⁄64 0.446 0.398
7⁄8 0.8750 15⁄16 1.312 1.269 1.516 1.447 3⁄4 0.776 0.724 31⁄64 0.510 0.458

1 1.0000 11⁄2 1.500 1.450 1.732 1.653 55⁄64 0.887 0.831 35⁄64 0.575 0.519

11⁄8 1.1250 111⁄16 1.688 1.631 1.949 1.859 31⁄32 0.999 0.939 39⁄64 0.639 0.579

11⁄4 1.2500 17⁄8 1.875 1.812 2.165 2.066 11⁄16 1.094 1.030 23⁄32 0.751 0.687

13⁄8 1.3750 21⁄16 2.062 1.994 2.382 2.273 111⁄64 1.206 1.138 25⁄32 0.815 0.747

11⁄2 1.5000 21⁄4 2.250 2.175 2.598 2.480 19⁄32 1.317 1.245 27⁄32 0.880 0.808

Heavy Hex Nuts (Fig. 5) and Heavy Hex Jam Nuts (Fig. 6)

1⁄4 0.2500 1⁄2 0.500 0.488 0.577 0.556 15⁄64 0.250 0.218 11⁄64 0.188 0.156
5⁄16 0.3125 9⁄16 0.562 0.546 0.650 0.622 19⁄64 0.314 0.280 13⁄64 0.220 0.186
3⁄8 0.3750 11⁄16 0.688 0.669 0.794 0.763 23⁄64 0.377 0.341 15⁄64 0.252 0.216
7⁄16 0.4375 3⁄4 0.750 0.728 0.866 0.830 27⁄64 0.441 0.403 17⁄64 0.285 0.247
1⁄2 0.5000 7⁄8 0.875 0.850 1.010 0.969 31⁄64 0.504 0.464 19⁄64 0.317 0.277
9⁄16 0.5625 15⁄16 0.938 0.909 1.083 1.037 35⁄64 0.568 0.526 21⁄64 0.349 0.307
5⁄8 0.6250 11⁄16 1.062 1.031 1.227 1.1175 39⁄64 0.631 0.587 23⁄64 0.381 0.337
3⁄4 0.7500 11⁄4 1.250 1.212 1.443 1.382 47⁄64 0.758 0.710 27⁄64 0.446 0.398
7⁄8 0.8750 17⁄16 1.438 1.394 1660 1.589 55⁄64 0.885 0.833 31⁄64 0.510 0.458

1 1.0000 15⁄8 1.625 1.575 1.876 1.796 63⁄64 1.012 0.956 35⁄64 0.575 0.519

11⁄8 1.1250 113⁄16 1.812 1.756 2.093 2.002 17⁄64 1.139 1.079 39⁄64 0.639 0.579

11⁄4 1.2500 2 2.000 1.938 2.309 2.209 17⁄32 1.251 1.187 23⁄32 0.751 0.687

13⁄8 1.3750 23⁄16 2.188 2.119 2.526 2.416 111⁄32 1.378 1.310 25⁄32 0.815 0.747

11⁄2 1.5000 23⁄8 2.375 2.300 2.742 2.622 115⁄32 1.505 1.433 27⁄32 0.880 0.808

15⁄8 1.6250 29⁄16 2.562 2.481 2.959 2.828 119⁄32 1.632 1.556 29⁄32 0.944 0.868

13⁄4 1.7500 23⁄4 2.750 2.662 3.175 3.035 123⁄32 1.759 1.679 31⁄32 1.009 0.929

17⁄8 1.8750 215⁄16 2.938 2.844 3.392 3.242 127⁄32 1.886 1.802 11⁄32 1.073 0.989

2 2.0000 31⁄8 3.125 3.025 3.608 3.449 131⁄32 2.013 1.925 13⁄32 1.138 1.050

21⁄4 2.2500 31⁄2 3.500 3.388 4.041 3.862 213⁄64 2.251 2.155 113⁄64 1.251 1.155

21⁄2 2.5000 37⁄8 3.875 3.750 4.474 4.275 229⁄64 2.505 2.401 129⁄64 1.505 1.401

23⁄4 2.7500 41⁄4 4.250 4.112 4.907 4.688 245⁄64 2.759 2.647 137⁄64 1.634 1.522

3 3.0000 45⁄8 4.625 4.475 5.340 5.102 261⁄64 3.013 2.893 145⁄64 1.763 1.643

31⁄4 3.2500 5 5.000 4.838 5.774 5.515 33⁄16 3.252 3.124 113⁄16 1.876 1.748

31⁄2 3.5000 53⁄8 5.375 5.200 6.207 5.928 37⁄16 3.506 3.370 115⁄16 2.006 1.870

33⁄4 3.7500 53⁄4 5.750 5.562 6.640 6.341 311⁄16 3.760 3.616 21⁄16 2.134 1.990

4 4.0000 61⁄8 6.125 5.925 7.073 6.755 315⁄16 4.014 3.862 23⁄16 2.264 2.112
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Table 8. American National Standard and Unified Standard Hex Flat Nuts 
and Flat Jam Nuts and Heavy Hex Flat Nuts and Flat Jam Nuts 

ANSI/ASME B18.2.2-1987 (R1999)

All dimensions are in inches.

Bold type indicates nuts unified dimensionally with British and Canadian Standards.

Threads are Unified Coarse-thread series (UNC), Class 2B.

Nominal
Size or

Basic Major
Dia. of Thread

Width Across
FlatsF

Width Across
CornersG

Thickness,
Flat NutsH

Thickness,
Flat Jam NutsH1

Basic Max. Min. Max. Min. Basic Max. Min. Basic Max. Min.

Hex Flat Nuts and Hex Flat Jam Nuts (Fig. 7)

11⁄8 1.1250 111⁄16 1.688 1.631 1.949 1.859 1 1.030 0.970 5⁄8 0.655 0.595

11⁄4 1.2500 17⁄8 1.875 1.812 2.165 2.066 13⁄32 1.126 1.062 3⁄4 0.782 0.718

13⁄8 1.3750 21⁄16 2.062 1.994 2.382 2.273 113⁄64 1.237 1.169 13⁄16 0.846 0.778

11⁄2 1.5000 21⁄4 2.250 2.175 2.598 2.480 15⁄16 1.348 1.276 7⁄8 0.911 0.839

Heavy Hex Flat Nuts and Heavy Hex Flat Jam Nuts (Fig. 7)

11⁄8 1.1250 113⁄16 1.812 1.756 2.093 2.002 11⁄8 1.155 1.079 5⁄8 0.655 0.579

11⁄4 1.2500 2 2.000 1.938 2.309 2.209 11⁄4 1.282 1.187 3⁄4 0.782 0.687

13⁄8 1.3750 23⁄16 2.188 2.119 2.526 2.416 13⁄8 1.409 1.310 13⁄16 0.846 0.747

11⁄2 1.5000 23⁄8 2.375 2.300 2.742 2.622 11⁄2 1.536 1.433 7⁄8 0.911 0.808

13⁄4 1.7500 23⁄4 2.750 2.662 3.175 3.035 13⁄4 1.790 1.679 1 1.040 0.929

2 2.0000 31⁄8 3.125 3.025 3.608 3.449 2 2.044 1.925 11⁄8 1.169 1.050

21⁄4 2.2500 31⁄2 3.500 3.388 4.041 3.862 21⁄4 2.298 2.155 11⁄4 1.298 1.155

21⁄2 2.5000 37⁄8 3.875 3.750 4.474 4.275 21⁄2 2.552 2.401 11⁄2 1.552 1.401

23⁄4 2.7500 41⁄4 4.250 4.112 4.907 4.688 23⁄4 2.806 2.647 15⁄8 1.681 1.522

3 3.0000 45⁄8 4.625 4.475 5.340 5.102 3 3.060 2.893 13⁄4 1.810 1.643

31⁄4 3.2500 5 5.000 4.838 5.774 5.515 31⁄4 3.314 3.124 17⁄8 1.939 1.748

31⁄2 3.5000 53⁄8 5.375 5.200 6.207 5.928 31⁄2 3.568 3.370 2 2.068 1.870

33⁄4 3.7500 53⁄4 5.750 5.562 6.640 6.341 33⁄4 3.822 3.616 21⁄8 2.197 1.990

4 4.0000 61⁄8 6.125 5.925 7.073 6.755 4 4.076 3.862 21⁄4 2.326 2.112

Fig. 7. Hex Flat Nuts, Heavy Hex Flat Nuts, 
Hex Flat Jam Nuts, and Heavy 
Hex Flat Jam Nuts (Table 8)

Fig. 8. Hex Slotted Nuts, Heavy Hex Slotted 
Nuts, and Hex Thick Slotted Nuts (Table 9)

Fig. 9. Hex Thick Nuts (Table 10)
Fig. 10. Square Nuts, Heavy 

Square Nuts (Table 10)
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1454 BOLTS AND NUTS

All dimensions are in inches.
Bold type indicates nuts unified dimensionally with British and Canadian Standards.
Threads are Unified Coarse-, Fine-, or 8-thread series (UNC, UNF, or 8UN), Class 2B.
Unification  of fine-thread nuts is limited to sizes 1 inch and under.

Table 9. American National and Unified Standard Hex Slotted Nuts, Heavy Hex Slot-
ted Nuts, and Hex Thick Slotted Nuts  ANSI/ASME B18.2.2-1987 (R1999)

Nominal Size or
Basic Major

Dia. of Thread

Width Across
Flats F

Width Across
Corners G

Thickness
H

Unslotted
Thickness T

Width of Slot
S

Basic Max. Min. Max. Min. Basic Max. Min. Max. Min. Max. Min.

Hex Slotted Nuts (Fig. 8)
1⁄4 0.2500 7⁄16 0.438 0.428 0.505 0.488 7⁄32 0.226 0.212 0.14 0.12 0.10 0.07
5⁄16 0.3125 1⁄2 0.500 0.489 0.577 0.577 17⁄64 0.273 0.258 0.18 0.16 0.12 0.09
3⁄8 0.3750 9⁄16 0.562 0.551 0.650 0.628 21⁄64 0.337 0.320 0.21 0.19 0.15 0.12
7⁄16 0.4375 11⁄16 0.688 0.675 0.794 0.768 3⁄8 0.385 0.365 0.23 0.21 0.15 0.12
1⁄2 0.5000 3⁄4 0.750 0.736 0.866 0.840 7⁄16 0.448 0.427 0.29 0.27 0.18 0.15
9⁄16 0.5625 7⁄8 0.875 0.861 1.010 0.982 31⁄64 0.496 0.473 0.31 0.29 0.18 0.15
5⁄8 0.6250 15⁄16 0.938 0.922 1.083 1.051 35⁄64 0.559 0.535 0.34 0.32 0.24 0.18
3⁄4 0.7500 11⁄8 1.125 1.088 1.299 1.240 41⁄64 0.665 0.617 0.40 0.38 0.24 0.18
7⁄8 0.8750 15⁄16 1.312 1.269 1.516 1.447 3⁄4 0.776 0.724 0.52 0.49 0.24 0.18

1 1.0000 11⁄2 1.500 1.450 1.732 1.653 55⁄64 0.887 0.831 0.59 0.56 0.30 0.24
11⁄8 1.1250 111⁄16 1.688 1.631 1.949 1.859 31⁄32 0.999 0.939 0.64 0.61 0.33 0.24
11⁄4 1.2500 17⁄8 1.875 1.812 2.165 2.066 11⁄16 1.094 1.030 0.70 0.67 0.40 0.31
13⁄8 1.3750 21⁄16 2.062 1.994 2.382 2.273 111⁄64 1.206 1.138 0.82 0.78 0.40 0.31
11⁄2 1.5000 21⁄4 2.250 2.175 2.598 2.480 19⁄32 1.317 1.245 0.86 0.82 0.46 0.37

Heavy Hex Slotted Nuts (Fig. 8)
1⁄4 0.2500 1⁄2 0.500 0.488 0.577 0.556 15⁄64 0.250 0.218 0.15 0.13 0.10 0.07
5⁄16 0.3125 9⁄16 0.562 0.546 0.650 0.622 19⁄64 0.314 0.280 0.21 0.19 0.12 0.09
3⁄8 0.3750 11⁄16 0.688 0.669 0.794 0.763 23⁄64 0.377 0.341 0.24 0.22 0.15 0.12
7⁄16 0.4375 3⁄4 0.750 0.728 0.866 0.830 27⁄64 0.441 0.403 0.28 0.26 0.15 0.12
1⁄2 0.5000 7⁄8 0.875 0.850 1.010 0.969 31⁄64 0.504 0.464 0.34 0.32 0.18 0.15
9⁄16 0.5625 15⁄16 0.938 0.909 1.083 1.037 35⁄64 0.568 0.526 0.37 0.35 0.18 0.15
5⁄8 0.6250 11⁄16 1.062 1.031 1.227 1.175 39⁄64 0.631 0.587 0.40 0.38 0.24 0.18
3⁄4 0.7500 11⁄4 1.250 1.212 1.443 1.382 47⁄64 0.758 0.710 0.49 0.47 0.24 0.18
7⁄8 0.8750 17⁄16 1.438 1.394 1.660 1.589 55⁄64 0.885 0.833 0.62 0.59 0.24 0.18

1 1.0000 15⁄8 1.625 1.575 1.876 1.796 63⁄64 1.012 0.956 0.72 0.69 0.30 0.24
11⁄8 1.1250 113⁄16 1.812 1.756 2.093 2.002 17⁄64 1.139 1.079 0.78 0.75 0.33 0.24
11⁄4 1.2500 2 2.000 1.938 2.309 2.209 17⁄32 1.251 1.187 0.86 0.83 0.40 0.31
13⁄8 1.3750 23⁄16 2.188 2.119 2.526 2.416 111⁄32 1.378 1.310 0.99 0.95 0.40 0.31
11⁄2 1.5000 23⁄8 2.375 2.300 2.742 2.622 115⁄32 1.505 1.433 1.05 1.01 0.46 0.37
13⁄4 1.7500 23⁄4 2.750 2.662 3.175 3.035 123⁄32 1.759 1.679 1.24 1.20 0.52 0.43
2 2.0000 31⁄8 3.125 3.025 3.608 3.449 131⁄32 2.013 1.925 1.43 1.38 0.52 0.43
21⁄4 2.2500 31⁄2 3.500 3.388 4.041 3.862 213⁄64 2.251 2.155 1.67 1.62 0.52 0.43
21⁄2 2.5000 37⁄8 3.875 3.750 4.474 4.275 229⁄64 2.505 2.401 1.79 1.74 0.64 0.55
23⁄4 2.7500 41⁄4 4.250 4.112 4.907 4.688 245⁄64 2.759 2.647 2.05 1.99 0.64 0.55
3 3.0000 45⁄8 4.625 4.475 5.340 5.102 261⁄64 3.013 2.893 2.23 2.17 0.71 0.62
31⁄4 3.2500 5 5.000 4.838 5.774 5.515 33⁄16 3.252 3.124 2.47 2.41 0.71 0.62
31⁄2 3.5000 53⁄8 5.375 5.200 6.207 5.928 37⁄16 3.506 3.370 2.72 2.65 0.71 0.62
33⁄4 3.7500 53⁄4 5.750 5.562 6.640 6.341 311⁄16 3.760 3.616 2.97 2.90 0.71 0.62
4 4.0000 61⁄8 6.125 5.925 7.073 6.755 315⁄16 4.014 3.862 3.22 3.15 0.71 0.62

Hex Thick Slotted Nuts (Fig. 8)
1⁄4 0.2500 7⁄16 0.438 0.428 0.505 0.488 9⁄32 0.288 0.274 0.20 0.18 0.10 0.07
5⁄16 0.3125 1⁄2 0.500 0.489 0.577 0.557 21⁄64 0.336 0.320 0.24 0.22 0.12 0.09
3⁄8 0.3750 9⁄16 0.562 0.551 0.650 0.628 13⁄32 0.415 0.398 0.29 0.27 0.15 0.12
7⁄16 0.4375 11⁄16 0.688 0.675 0.794 0.768 29⁄24 0.463 0.444 0.31 0.29 0.15 0.12
1⁄2 0.5000 3⁄4 0.750 0.736 0.866 0.840 9⁄16 0.573 0.552 0.42 0.40 0.18 0.15
9⁄16 0.5625 7⁄8 0.875 0.861 1.010 0.982 39⁄64 0.621 0.598 0.43 0.41 0.18 0.15
5⁄8 0.6250 15⁄16 0.938 0.922 1.083 1.051 23⁄32 0.731 0.706 0.51 0.49 0.24 0.18
3⁄4 0.7500 11⁄8 1.125 1.088 1.299 1.240 13⁄16 0.827 0.798 0.57 0.55 0.24 0.18
7⁄8 0.8750 15⁄16 1.312 1.269 1.516 1.447 29⁄32 0.922 0.890 0.67 0.64 0.24 0.18

1 1.0000 11⁄2 1.500 1.450 1.732 1.653 1 1.018 0.982 0.73 0.70 0.30 0.24
11⁄8 1.1250 111⁄16 1.688 1.631 1.949 1.859 15⁄32 1.176 1.136 0.83 0.80 0.33 0.24
11⁄4 1.2500 17⁄8 1.875 1.812 2.165 2.066 11⁄4 1.272 1.228 0.89 0.86 0.40 0.31
13⁄8 1.3750 21⁄16 2.062 1.994 2.382 2.273 13⁄8 1.399 1.351 1.02 0.98 0.40 0.31
11⁄2 1.5000 21⁄4 2.250 2.175 2.598 2.480 11⁄2 1.526 1.474 1.08 1.04 0.46 0.37
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BOLTS AND NUTS 1455

All dimensions are in inches.
Bold type indicates nuts unified dimensionally with British and Canadian Standards.

Table 10. American National and Unified Standard Square Nuts and Heavy Square 
Nuts and American National Standard Hex Thick Nuts 

ANSI/ASME B18.2.2-1987 (R1999)

Nominal Size or 
Basic Major Dia. 

of Thread

Width Across 
Flats F

Width Across 
Corners G

Thickness
H

Basic Max. Min. Max. Min. Basic Max. Min.
Square Nutsa (Fig. 10)

a Coarse-thread series, Class 2B. 

1⁄4 0.2500 7⁄16 0.438 0.425 0.619 0.554 7⁄32 0.235 0.203
5⁄16 0.3125 9⁄16 0.562 0.547 0.795 0.721 17⁄64 0.283 0.249
3⁄8 0.3750 5⁄8 0.625 0.606 0.884 0.802 21⁄64 0.346 0.310
7⁄16 0.4375 3⁄4 0.750 0.728 1.061 0.970 3⁄8 0.394 0.356
1⁄2 0.5000 13⁄16 0.812 0.788 1.149 1.052 7⁄16 0.458 0.418
5⁄8 0.6250 1 1.000 0.969 1.414 1.300 35⁄64 0.569 0.525
3⁄4 0.7500 11⁄8 1.125 1.088 1.591 1.464 21⁄32 0.680 0.632
7⁄8 0.8750 15⁄16 1.312 1.269 1.856 1.712 49⁄64 0.792 0.740

1 1.0000 11⁄2 1.500 1.450 2.121 1.961 7⁄8 0.903 0.847

11⁄8 1.1250 111⁄16 1.688 1.631 2.386 2.209 1 1.030 0.970

11⁄4 1.2500 17⁄8 1.875 1.812 2.652 2.458 13⁄32 1.126 1.062

13⁄8 1.3750 21⁄16 2.062 1.994 2.917 2.708 113⁄64 1.237 1.169

11⁄2 1.5000 21⁄4 2.250 2.175 3.182 2.956 15⁄16 1.348 1.276

Heavy Square Nutsa (Fig. 10)
1⁄4 0.2500 1⁄2 0.500 0.488 0.707 0.640 1⁄4 0.266 0.218
5⁄16 0.3125 9⁄16 0.562 0.546 0.795 0.720 5⁄16 0.330 0.280
3⁄8 0.3750 11⁄16 0.688 0.669 0.973 0.889 3⁄8 0.393 0.341
7⁄16 0.4375 3⁄4 0.750 0.728 1.060 0.970 7⁄16 0.456 0.403
1⁄2 0.5000 7⁄8 0.875 0.850 1.237 1.137 1⁄2 0.520 0.464
5⁄8 0.6250 11⁄16 1.062 1.031 1.503 1.386 5⁄8 0.647 0.587
3⁄4 0.7500 11⁄4 1.250 1.212 1.768 1.635 3⁄4 0.774 0.710
7⁄8 0.8750 17⁄16 1.438 1.394 2.033 1.884 7⁄8 0.901 0.833

1 1.0000 15⁄8 1.625 1.575 2.298 2.132 1 1.028 0.956

11⁄8 1.1250 113⁄16 1.812 1.756 2.563 2.381 11⁄8 1.155 1.079

11⁄4 1.2500 2 2.000 1.938 2.828 2.631 11⁄4 1.282 1.187

13⁄8 1.3750 23⁄16 2.188 2.119 3.094 2.879 13⁄8 1.409 1.310

11⁄2 1.5000 23⁄8 2.375 2.300 3.359 3.128 11⁄2 1.536 1.433

Hex Thick Nutsb (Fig. 10)

b Unified Coarse-, Fine-, or 8-thread series (8 UN), Class 2B. 

1⁄4 0.2500 7⁄16 0.438 0.428 0.505 0.488 9⁄32 0.288 0.274
5⁄16 0.3125 1⁄2 0.500 0.489 0.577 0.557 21⁄64 0.336 0.320
3⁄8 0.3750 9⁄16 0.562 0.551 0.650 0.628 13⁄32 0.415 0.398
7⁄16 0.4375 11⁄16 0.688 0.675 0.794 0.768 29⁄64 0.463 0.444
1⁄2 0.5000 3⁄4 0.750 0.736 0.866 0.840 9⁄16 0.573 0.552
9⁄16 0.5625 7⁄8 0.875 0.861 1.010 0.982 39⁄64 0.621 0.598
5⁄8 0.6250 15⁄16 0.938 0.922 1.083 1.051 23⁄32 0.731 0.706
3⁄4 0.7500 11⁄8 1.125 1.088 1.299 1.240 13⁄16 0.827 0.798
7⁄8 0.8750 15⁄16 1.312 1.269 1.516 1.447 29⁄32 0.922 0.890

1 1.0000 11⁄2 1.500 1.450 1.732 1.653 1 1.018 0.982

11⁄8 1.1250 111⁄16 1.688 1.631 1.949 1.859 15⁄32 1.176 1.136

11⁄4 1.2500 17⁄8 1.875 1.812 2.165 2.066 11⁄4 1.272 1.228

13⁄8 1.3750 21⁄16 2.062 1.994 2.382 2.273 13⁄8 1.399 1.351

11⁄2 1.5000 21⁄4 2.250 2.175 2.598 2.480 11⁄2 1.526 1.474
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1456 NUTS

Low and High Crown (Blind, Acorn) Nuts SAE Recommended Practice J483a

All dimensions are in inches. Threads are Unified Standard Class 2B, UNC or UNF Series.

Low Crown

Nom. Sizea

or Basic Major
Dia. of Thread

a When specifying a nominal size in decimals, any zero in the fourth decimal place is omitted.
Reprinted with permission. Copyright © 1990, Society of Automotive Engineers, Inc. All rights
reserved.

Width Across
Flats, F

Width Across
Corners, G

Body
Dia.,

A

Over-
all

Hgt.,H

Hexa-
gon

Hgt.,Q

Nose
Rad.,

R

Body
Rad.,

S

Drill
Dep.,T

Full
Thd.,U

Max. (Basic) Min. Max. Min. Max. Min.

6 0.1380 5⁄16 0.3125 0.302 0.361 0.344 0.30 0.34 0.16 0.08 0.17 0.25 0.16

8 0.1640 5⁄16 0.3125 0.302 0.361 0.344 0.30 0.34 0.16 0.08 0.17 0.25 0.16

10 0.1900 3⁄8 0.3750 0.362 0.433 0.413 0.36 0.41 0.19 0.09 0.22 0.28 0.19

12 0.2160 3⁄8 0.3750 0.362 0.433 0.413 0.36 0.41 0.19 0.09 0.22 0.31 0.22
1⁄4 0.2500 7⁄16 0.4375 0.428 0.505 0.488 0.41 0.47 0.22 0.11 0.25 0.34 0.25
5⁄16 0.3125 1⁄2 0.5000 0.489 0.577 0.557 0.47 0.53 0.25 0.12 0.28 0.41 0.31
3⁄8 0.3750 9⁄16 0.5625 0.551 0.650 0.628 0.53 0.62 0.28 0.14 0.33 0.45 0.38
7⁄16 0.4375 5⁄8 0.6250 0.612 0.722 0.698 0.59 0.69 0.31 0.16 0.36 0.52 0.44
1⁄2 0.5000 3⁄4 0.7500 0.736 0.866 0.840 0.72 0.81 0.38 0.19 0.42 0.59 0.50
9⁄16 0.5625 7⁄8 0.8750 0.861 1.010 0.982 0.84 0.94 0.44 0.22 0.50 0.69 0.56
5⁄8 0.6250 15⁄16 0.9375 0.922 1.083 1.051 0.91 1.00 0.47 0.23 0.53 0.75 0.62
3⁄4 0.7500 11⁄16 1.0625 1.045 1.227 1.191 1.03 1.16 0.53 0.27 0.59 0.88 0.75
7⁄8 0.8750 11⁄4 1.2500 1.231 1.443 1.403 1.22 1.36 0.62 0.31 0.70 1.00 0.88

1 1.0000 17⁄16 1.4375 1.417 1.660 1.615 1.41 1.55 0.72 0.36 0.81 1.12 1.00

11⁄8 1.1250 15⁄8 1.6250 1.602 1.876 1.826 1.59 1.75 0.81 0.41 0.92 1.31 1.12

11⁄4 1.2500 113⁄16 1.8125 1.788 2.093 2.038 1.78 1.95 0.91 0.45 1.03 1.44 1.25

High Crown

Nom. Sizea or 
Basic Major Dia. 

of Thread

Width Across 
Flats,F

Width Across-
Corners,G

Body
Dia.,

A

Over-
all

Hgt.,H

Hexa-
gon

Hgt.Q

Nose
Rad.,

R

Body
Rad.,

S

Drill
Dep.,T

Full
Thd.,U

Max. (Basic) Min. Max. Min. Max. Min.

6 0.1380 5⁄16 0.3125 0.302 0.361 0.344 0.30 0.42 0.17 0.05 0.25 0.28 0.19

8 0.1640 5⁄16 0.3125 0.302 0.361 0.344 0.30 0.42 0.17 0.05 0.25 0.28 0.19

10 0.1900 3⁄8 0.3750 0.362 0.433 0.413 0.36 0.52 0.20 0.06 0.30 0.34 0.25

12 0.2160 3⁄8 0.3750 0.362 0.433 0.413 0.36 0.52 0.20 0.06 0.30 0.38 0.28
1⁄4 0.2500 7⁄16 0.4375 0.428 0.505 0.488 0.41 0.59 0.23 0.06 0.34 0.41 0.31
5⁄16 0.3125 1⁄2 0.5000 0.489 0.577 0.557 0.47 0.69 0.28 0.08 0.41 0.47 0.38
3⁄8 0.3750 9⁄16 0.5625 0.551 0.650 0.628 0.53 0.78 0.31 0.09 0.44 0.56 0.47
7⁄16 0.4375 5⁄8 0.6250 0.612 0.722 0.698 0.59 0.88 0.34 0.09 0.50 0.62 0.53
1⁄2 0.5000 3⁄4 0.7500 0.736 0.866 0.840 0.72 1.03 0.42 0.12 0.59 0.75 0.62
9⁄16 0.5625 7⁄8 0.8750 0.861 1.010 0.982 0.84 1.19 0.48 0.16 0.69 0.81 0.69
5⁄8 0.6250 15⁄16 0.9375 0.922 1.083 1.051 0.91 1.28 0.53 0.16 0.75 0.91 0.78
3⁄4 0.7500 11⁄16 1.0625 1.045 1.227 1.191 1.03 1.45 0.59 0.17 0.84 1.06 0.94
7⁄8 0.8750 11⁄4 1.12500 1.231 1.443 1.403 1.22 1.72 0.70 0.20 0.98 1.22 1.09

1 1.0000 17⁄16 1.4375 1.417 1.660 1.615 1.41 1.97 0.81 0.23 1.14 1.38 1.25

11⁄8 1.1250 15⁄8 1.6250 1.602 1.876 1.826 1.59 2.22 0.92 0.27 1.28 1.59 1.41

11⁄4 1.2500 113⁄16 1.8125 1.788 2.093 2.038 1.78 2.47 1.03 0.28 1.44 1.75 1.56
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NUTS 1457

Hex High and Hex Slotted High Nuts  SAE Standard J482a

All dimensions are in inches. Threads are Unified Standard Class 2B, UNC or UNF Series.

Nominal Sizea

or Basic Major
Diameter of Thread

a When specifying a nominal size in decimals, any zero in the fourth decimal place is omitted.
Reprinted with permission. Copyright © 1990, Society of Automotive Engineers, Inc. All rights
reserved.

Width Across Flats, F Width Across Corners, G Slot Width,S

Basic Max. Min. Max. Min. Min. Max.

1⁄4 0.2500 7⁄16 0.4375 0.428 0.505 0.488 0.07 0.10

5⁄16 0.3125 1⁄2 0.5000 0.489 0.577 0.557 0.09 0.12

3⁄8 0.3750 9⁄16 0.5625 0.551 0.650 0.628 0.12 0.15

7⁄16 0.4375 11⁄16 0.6875 0.675 0.794 0.768 0.12 0.15

1⁄2 0.5000 3⁄4 0.7500 0.736 0.866 0.840 0.15 0.18

9⁄16 0.5625 7⁄8 0.8750 0.861 1.010 0.982 0.15 0.18

5⁄8 0.6250 15⁄16 0.9375 0.922 1.083 1.051 0.18 0.24

3⁄4 0.7500 11⁄8 1.1250 1.088 1.299 1.240 0.18 0.24

7⁄8 0.8750 15⁄16 1.3125 1.269 1.516 1.447 0.18 0.24

1 1.0000 11⁄2 1.5000 1.450 1.732 1.653 0.24 0.30

11⁄8 1.1250 111⁄16 1.6875 1.631 1.949 1.859 0.24 0.33

11⁄4 1.2500 17⁄8 1.8750 1.812 2.165 2.066 0.31 0.40

Nominal Sizea

or Basic Major
Diameter of Thread

Thickness,
H

Unslotted
Thickness,T

Counterbore
(Optional)

Basic Max. Min. Max. Min. Dia., A Depth, D

1⁄4 0.2500 3⁄8 0.382 0.368 0.29 0.27 0.266 0.062

5⁄16 0.3125 29⁄64 0.461 0.445 0.37 0.35 0.328 0.078

3⁄8 0.3750 1⁄2 0.509 0.491 0.38 0.36 0.391 0.094

7⁄16 0.4375 39⁄64 0.619 0.599 0.46 0.44 0.453 0.109

1⁄2 0.5000 21⁄32 0.667 0.645 0.51 0.49 0.516 0.125

9⁄16 0.5625 49⁄64 0.778 0.754 0.59 0.57 0.594 0.141

5⁄8 0.6250 27⁄32 0.857 0.831 0.63 0.61 0.656 0.156

3⁄4 0.7500 1 1.015 0.985 0.76 0.73 0.781 0.188

7⁄8 0.8750 15⁄32 1.172 1.140 0.92 0.89 0.906 0.219

1 1.0000 15⁄16 1.330 1.292 1.05 1.01 1.031 0.250

11⁄8 1.1250 11⁄2 1.520 1.480 1.18 1.14 1.156 0.281

11⁄4 1.2500 111⁄16 1.710 1.666 1.34 1.29 1.281 0.312
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1458 ROUND HEAD BOLTS

American National Standard Round Head and Round Head Square Neck Bolts 
 ANSI/ASME B18.5 –1990 (R2003)

All dimensions are in inches unless otherwise specified.
Threads are Unified Standard, Class 2A, UNC Series, in accordance with ANSI B1.1. For threads

with additive finish, the maximum diameters of Class 2A shall apply before plating or coating,
whereas the basic diameters (Class 2A maximum diameters plus the allowance) shall apply to a bolt
after plating or coating.

Bolts are designated in the sequence shown: nominal size (number, fraction or decimal equiva-
lent); threads per inch; nominal length (fraction or decimal equivalent); product name; material; and
protective finish, if required.

i.e.:1⁄2-13 × 3 Round Head Square Neck Bolt, Steel .375-16 × 2.50 Step Bolt, Steel, Zinc Plated

All dimensions are given in inches.

Nominal
Size

Body
Dia.,

E

Dia.
of Head,

A

Height
of Head,

H

Fillet
Rad.,

R

Width of
Square,

O

Depth of
Square,

P

Corner
Rad. on

Square, Q

Max. Min. Max. Min. Max. Min. Max. Max. Min. Max. Min. Max.

No. 10 0.199 .182 .469 .438 .114 .094 .031 .199 .185 .125 .094 .031
1⁄4 0.260 .237 .594 .563 .145 .125 .031 .260 .245 .156 .125 .031
5⁄16 0.324 .298 .719 .688 .176 .156 .031 .324 .307 .187 .156 .031
3⁄8 0.388 .360 .844 .782 .208 .188 .031 .388 .368 .219 .188 .047
7⁄16 0.452 .421 .969 .907 .239 .219 .031 .452 .431 .250 .219 .047
1⁄2 0.515 .483 1.094 1.032 .270 .250 .031 .515 .492 .281 .250 .047
5⁄8 0.642 .605 1.344 1.219 .344 .313 .062 .642 .616 .344 .313 .078
3⁄4 0.768 .729 1.594 1.469 .406 .375 .062 .768 .741 .406 .375 .078
7⁄8 0.895 .852 1.844 1.719 .469 .438 .062 .895 .865 .469 .438 .094

1 1.022 .976 2.094 1.969 .531 .500 .062 1.022 .990 .531 .500 .094

American National Standard T-Head Bolts ANSI/ASME B18.5 –1990 (R2003)

Nom. Sizea or 
Basic Bolt Dia.

a Where specifying nominal size in decimals, zeros preceding the decimal point and in the fourth
decimal place are omitted. For information as to threads and method of bolt designation, see footnotes
to preceding table. 

Body
Dia., E

Head
Length, A

Head
Width, B

Head
Height, H

Head
Rad., K

Fillet
Rad., R

Max. Min. Max. Min. Max. Min. Max. Min. Basic Max.
1⁄4 0.2500 .260 .237 .500 .488 .280 .245 .204 .172 .438 .031
5⁄16 0.3125 .324 .298 .625 .609 .342 .307 .267 .233 .500 .031
3⁄8 0.3750 .388 .360 .750 .731 .405 .368 .331 .295 .625 .031
7⁄16 0.4375 .452 .421 .875 .853 .468 .431 .394 .356 .875 .031
1⁄2 0.5000 .515 .483 1.000 .975 .530 .492 .458 .418 .875 .031
5⁄8 0.6250 .642 .605 1.250 1.218 .675 .616 .585 .541 1.062 .062
3⁄4 0.7500 .768 .729 1.500 1.462 .800 .741 .649 .601 1.250 .062
7⁄8 0.8750 .895 .852 1.750 1.706 .938 .865 .776 .724 1.375 .062

1 1.0000 1.022 .976 2.000 1.950 1.063 .990 .903 .847 1.500 .062
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ROUND HEAD BOLTS 1459

All dimensions are given in inches.

Threads are Unified Standard, Class 2A, UNC Series, in accordance with ANSI B1.1. For threads
with additive finish, the maximum diameters of Class 2A apply before plating or coating, whereas
the basic diameters (Class 2A maximum diameters plus the allowance) apply to a bolt after plating or
coating.

Bolts are designated in the sequence shown: nominal size (number, fraction or decimal equiva-
lent); threads per inch; nominal length (fraction or decimal equivalent); product name; material; and
protective finish, if required. For example, 

1⁄2-13 × 3 Round Head Short Square Neck Bolt, Steel

 .375-16 × 2.50 Round Head Short Square Neck Bolt, Steel, Zinc Plated

All dimensions are given in inches unless otherwise specified.

*Maximum fillet radius R is 0.031 inch for all sizes.

For information as to threads and method of bolt designation, see footnotes to the preceding table.

American National Standard Round Head Short Square Neck Bolts
 ANSI/ASME B18.5-1990 (R2003)

Nomi-
nal
Size

Body
Dia.,

E

Head
Dia.,

A

Head
Height,

H

Square
Width,

O

Square
Depth,

P

Cor.
Rad. on
Sq., Q

Fillet
Rad.,

R

Max Min Max Min Max Min Max Min Max Min Max Max
1⁄4 0.260 0.213 0.594 0.563 0.145 0.125 0.260 0.245 0.124 0.093 0.031 0.031
5⁄16 0.324 0.272 0.719 0.688 0.176 0.156 0.324 0.307 0.124 0.093 0.031 0.031
3⁄8 0.388 0.329 0.844 0.782 0.208 0.188 0.388 0.368 0.156 0.125 0.047 0.031
7⁄16 0.452 0.385 0.969 0.907 0.239 0.219 0.452 0.431 0.156 0.125 0.047 0.031
1⁄2 0.515 0.444 1.094 1.032 0.270 0.250 0.515 0.492 0.156 0.125 0.047 0.031
5⁄8 0.642 0.559 1.344 1.219 0.344 0.313 0.642 0.616 0.218 0.187 0.078 0.062
3⁄4 0.768 0.678 1.594 1.469 0.406 0.375 0.768 0.741 0.218 0.187 0.078 0.062

American National Standard Round Head Fin Neck Bolts
 ANSI/ASME B18.5-1990 (R2003)

Nomi-
nal
Size

Body Dia.,
E

Head Dia.,
A

Head Height,
H

Fin Thick.,
M

Dist.Across
Fins, O

Fin Depth,
P

Max Min Max Min Max Min Max Min Max Min Max Min

No. 10 0.199 0.182 0.469 0.438 0.114 0.094 0.098 0.078 0.395 0.375 0.088 0.078
1⁄4 0.260 0.237 0.594 0.563 0.145 0.125 0.114 0.094 0.458 0.438 0.104 0.094
5⁄16 0.324 0.298 0.719 0.688 0.176 0.156 0.145 0.125 0.551 0.531 0.135 0.125
3⁄8 0.388 0.360 0.844 0.782 0.208 0.188 0.161 0.141 0.645 0.625 0.151 0.141
7⁄16 0.452 0.421 0.969 0.907 0.239 0.219 0.192 0.172 0.739 0.719 0.182 0.172
1⁄2 0.515 0.483 1.094 1.032 0.270 0.250 0.208 0.188 0.833 0.813 0.198 0.188
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American National Standard Round Head Ribbed Neck Bolts ANSI/ASME B18.5-1990 (R2003)

All dimensions are given in inches unless otherwise specified.
For information as to threads and method of designating bolts, see following table.

Nominal
Sizeaor

Basic Bolt 
Diameter

a Where specifying nominal size in decimals, zeros preceding decimal and in the fourth decimal place shall be omitted. 

Body
Diameter,

E

Head
Diameter,

A

Head
Height,

H

Head to Ribs, M

Number
of Ribs,

N

Dia. Over
Ribs,

O

Depth Over Ribs, P

Fillet
Radius,

R

For Lengths of For Lengths of

7⁄8 in. and
Shorter

1 in. and
Longer

7⁄8 in. and
Shorter

1 in. and
11⁄8 in.

1⁄4 in. and
Longer

Max Min Max Min Max Min ±0.031b

b Tolerance on the No. 10 through 1⁄2 in. sizes for nominal lengths 7⁄8 in. and shorter shall be + 0.031 and − 0.000. 

Approx Min ±0.031 Maxc

c The minimum radius is one half of the value shown. 

No. 10 0.1900 0.199 0.182 0.469 0.438 0.114 0.094 0.031† 0.063 9 0.210 0.250 0.407 0.594 0.031

1⁄4 0.2500 0.260 0.237 0.594 0.563 0.145 0.125 0.031† 0.063 10 0.274 0.250 0.407 0.594 0.031

5⁄16 0.3125 0.324 0.298 0.719 0.688 0.176 0.156 0.031† 0.063 12 0.340 0.250 0.407 0.594 0.031

3⁄8 0.3750 0.388 0.360 0.844 0.782 0.208 0.188 0.031† 0.063 12 0.405 0.250 0.407 0.594 0.031

7⁄16 0.4375 0.452 0.421 0.969 0.907 0.239 0.219 0.031† 0.063 14 0.470 0.250 0.407 0.594 0.031

1⁄2 0.5000 0.515 0.483 1.094 1.032 0.270 0.250 0.031† 0.063 16 0.534 0.250 0.407 0.594 0.031

5⁄8 0.6250 0.642 0.605 1.344 1.219 0.344 0.313 0.094 0.094 19 0.660 0.313 0.438 0.625 0.062

3⁄4 0.7500 0.768 0.729 1.594 1.469 0.406 0.375 0.094 0.094 22 0.785 0.313 0.438 0.625 0.062
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American National Standard Step and 114 Degree Countersunk Square Neck Bolts 

 ANSI/ASME B18.5-1990 (R2003)

All dimensions are in inches unless otherwise specified.
Threads are Unified Standard, Class 2A, UNC Series, in accordance with ANSI B1.1. For threads with additive finish, the maximum diameters of Class 2A shall

apply before plating or coating, whereas the basic diameters (Class 2A maximum diameters plus the allowance) shall apply to a bolt after plating or coating.
Bolts are designated in the sequence shown: nominal size (number, fraction or decimal equivalent); threads per inch; nominal length (fraction or decimal equivalent);

product name; material; and protective finish, if required. For example
1⁄2-13 × 3 Round Head Square Neck Bolt, Steel .375-16 × 2.50 Step Bolt, Steel, Zinc Plated

Nominal
Size

Step & 114° Countersunk Bolts Step Bolts 114° Countersunk Square Neck Bolts

Body
Dia.,

E

Corner
Rad. on

Square, Q

Width of
Square,

O

Depth of
Square,

P

Dia. of
Head,

A

Height
of Head,

H

Fillet
Radius,

R

Depth of
Square,

P

Dia. of
Head,

A

Flat on
Head,

F

Height
of Head,

H

Max. Min. Max. Min. Min. Max. Min. Max. Min. Max. Min. Max. Max. Min. Max. Min. Min. Max. Min.

No. 10 0.199 0.182 0.031 0.199 0.185 0.125 0.094 0.656 0.625 0.114 0.094 0.031 0.125 0.094 0.548 0.500 0.015 0.131 0.112

1⁄4 0.260 0.237 0.031 0.260 0.245 0.156 0.125 0.844 0.813 0.145 0.125 0.031 0.156 0.125 0.682 0.625 0.018 0.154 0.135

5⁄16 0.324 0.298 0.031 0.324 0.307 0.187 0.156 1.031 1.000 0.176 0.156 0.031 0.219 0.188 0.821 0.750 0.023 0.184 0.159

3⁄8 0.388 0.360 0.047 0.388 0.368 0.219 0.188 1.219 1.188 0.208 0.188 0.031 0.250 0.219 0.960 0.875 0.027 0.212 0.183

7⁄16 0.452 0.421 0.047 0.452 0.431 0.250 0.219 1.406 1.375 0.239 0.219 0.031 0.281 0.250 1.093 1.000 0.030 0.235 0.205

1⁄2 0.515 0.483 0.047 0.515 0.492 0.281 0.250 1.594 1.563 0.270 0.250 0.031 0.312 0.281 1.233 1.125 0.035 0.265 0.229

5⁄8a

a These sizes pertain to 114 degree countersunk square neck bolts only. Dimensions given in last seven columns to the right are for these bolts only. 

.642 0.605 0.078 0.642 0.616 … … … … … … … 0.406 0.375 1.495 1.375 0.038 0.316 0.272

3⁄4a 0.768 0.729 0.078 0.768 0.741 … … … … … … … 0.500 0.469 10.754 1.625 0.041 0.368 0.314
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1462 WRENCH CLEARANCES

American National Standard Countersunk Bolts and Slotted Countersunk Bolts
 ANSI/ASME B18.5-1990 (R2003)

All dimensions are given in inches. For thread information and method of bolt designation see foot-
notes to previous table. Heads are unslotted unless otherwise specified. For slot dimensions see
Table 1 in Slotted Head Cap Screws on page 1586.

Wrench Clearance Dimensions.—Wrench openings for nuts are given in Table 1, clear-
ances for open end engineers wrenches in Table 2, clearances for single and double hexa-
gon socket wrenches in Tables 3a (inch) and 3b (metric), clearances for 12-point box
wrenches (inch and metric) are given in Table 4. They are based on the dimensions across
the flats of the fastener. 

Nominal
 Sizea

or Basic
Bolt Diameter

a Where specifying size in decimals, zeros preceding decimal and in fourth decimal place omitted. 

Body
Diameter,

E

Head Diameter, A
Flat on Min 

Dia.,Head, Fb

b Flat on minimum diameter head calculated on minimum sharp and absolute minimum head diam-
eters and 82° head angle. 

Max
Edge
Sharp

Min
Edge
Sharp

Absolute Min 
Edge Rounded 

or FlatMax Min Max
1⁄4 0.2500 0.260 0.237 0.493 0.477 0.445 0.018
5⁄16 0.3125 0.324 0.298 0.618 0.598 0.558 0.023
3⁄8 0.3750 0.388 0.360 0.740 0.715 0.668 0.027
7⁄16 0.4375 0.452 0.421 0.803 0.778 0.726 0.030
1⁄2 0.5000 0.515 0.483 0.935 0.905 0.845 0.035
5⁄8 0.6250 0.642 0.605 1.169 1.132 1.066 0.038
3⁄4 0.7500 0.768 0.729 1.402 1.357 1.285 0.041
7⁄8 0.8750 0.895 0.852 1.637 1.584 1.511 0.042

1 1.0000 1.022 0.976 1.869 1.810 1.735 0.043
11⁄8 1.1250 1.149 1.098 2.104 2.037 1.962 0.043
11⁄4 1.2500 1.277 1.223 2.337 2.262 2.187 0.043
13⁄8 1.3750 1.404 1.345 2.571 2.489 2.414 0.043
11⁄2 1.5000 1.531 1.470 2.804 2.715 2.640 0.043

Nom. Size
or Basic Bolt Dia.

Head Height, H Slot Width, J Slot Depth, T

Maxc

c Maximum head height calculated on maximum sharp head diameter, basic bolt diameter, and 78°
head angle. 

Mind

d Minimum head height calculated on minimum sharp head diameter, basic bolt diameter, and 82°
head angle. 

Max Min Max Min
1⁄4 0.2500 0.150 0.131 0.075 0.064 0.068 0.045
5⁄16 0.3125 0.189 0.164 0.084 0.072 0.086 0.057
3⁄8 0.3750 0.225 0.196 0.094 0.081 0.103 0.068
7⁄16 0.4375 0.226 0.196 0.094 0.081 0.103 0.068
1⁄2 0.5000 0.269 0.233 0.106 0.091 0.103 0.068
5⁄8 0.6250 0.336 0.292 0.133 0.116 0.137 0.091
3⁄4 0.7500 0.403 0.349 0.149 0.131 0.171 0.115
7⁄8 0.8750 0.470 0.408 0.167 0.147 0.206 0.138

1 1.0000 0.537 0.466 0.188 0.166 0.240 0.162
11⁄8 1.1250 0.604 0.525 0.196 0.178 0.257 0.173
11⁄4 1.2500 0.671 0.582 0.211 0.193 0.291 0.197
13⁄8 1.3750 0.738 0.641 0.226 0.208 0.326 0.220
11⁄2 1.5000 0.805 0.698 0.258 0.240 0.360 0.244

Machinery's Handbook 28th Edition

Copyright 2008, Industrial Press Inc., New York, NY - www.industrialpress.com
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Table 1. Wrench Openings for Nuts  ANSI/ASME B18.2.2-1987 (R1999), Appendix

All dimensions given in inches.

Max.a Width
Across Flats

of Nut

a Wrenches are marked with the “Nominal Size of Wrench,” which is equal to the basic or maximum
width across flats of the corresponding nut. Minimum wrench opening is (1.005W + 0.001). Tolerance
on wrench opening is (0.005W + 0.004) from minimum, where W equals nominal size of wrench. 

Wrench Openingb

b Openings for 5⁄32 to 3⁄8 widths from old ASA B18.2-1960 and italic values are from former ANSI
B18.2.2-1972.

Max.a Width
Across Flats

of Nut

Wrench Openingb Max.a Width
Across Flats

of Nut

Wrench Openingb

Min. Max. Min. Max. Min. Max.

5⁄32 0.158 0.163 11⁄4 1.257 1.267 215⁄16 2.954 2.973
3⁄16 0.190 0.195 15⁄16 1.320 1.331 3 3.016 3.035
7⁄32 0.220 0.225 13⁄8 1.383 1.394 31⁄8 3.142 3.162
1⁄4 0.252 0.257 17⁄16 1.446 1.457 33⁄8 3.393 3.414
9⁄32 0.283 0.288 11⁄2 1.508 1.520 31⁄2 3.518 3.540
5⁄16 0.316 0.322 15⁄8 1.634 1.646 33⁄4 3.770 3.793
11⁄32 0.347 0.353 111⁄16 1.696 1.708 37⁄8 3.895 3.918
3⁄8 0.378 0.384 113⁄16 1.822 1.835 41⁄8 4.147 4.172
7⁄16 0.440 0.446 17⁄8 1.885 1.898 41⁄4 4.272 4.297
1⁄2 0.504 0.510 2 2.011 2.025 41⁄2 4.524 4.550
9⁄16 0.566 0.573 21⁄16 2.074 2.088 45⁄8 4.649 4.676
5⁄8 0.629 0.636 23⁄16 2.200 2.215 47⁄8 4.900 4.928
11⁄16 0.692 0.699 21⁄4 2.262 2.277 5 5.026 5.055
3⁄4 0.755 0.763 23⁄8 2.388 2.404 51⁄4 5.277 5.307
13⁄16 0.818 0.826 27⁄16 2.450 2.466 53⁄8 5.403 5.434
7⁄8 0.880 0.888 29⁄16 2.576 2.593 55⁄8 5.654 5.686
15⁄16 0.944 0.953 25⁄8 2.639 2.656 53⁄4 5.780 5.813

1 1.006 1.015 23⁄4 2.766 2.783 6 6.031 6.157
1⁄16 1.068 1.077 213⁄16 2.827 2.845 61⁄8 6.065 6.192

11⁄8 1.132 1.142

Table 2. Clearances for Open End Engineers Wrench (15°)
Nominal Wrench 

Size
A

Min. (in)
Ba

Max. (in)

a B = arc radius created by the swing of the wrench. 

C
Min. (in)

D
Min. (in)

E
Min. (in)

Fb

Max. (in)

b F = inside arc radius of part. 

G
Ref. (in)

Hc

Max. (in)

c H = thickness of wrench head. (Dimension line not shown.) 

J Mind

in-lbf

d J = torque that wrench will withstand in inch-pounds. Values updated from ANSI/ASME
B107.100- 2002, Wrenches. 

5⁄32 0.156 0.220 0.250 0.390 0.160 0.250 0.200 0.030 0.094 35
3⁄16 0.188 0.250 0.280 0.430 0.190 0.270 0.230 0.030 0.172 45
1⁄4 0.250 0.280 0.340 0.530 0.270 0.310 0.310 0.030 0.172 67
5⁄16 0.313 0.380 0.470 0.660 0.280 0.390 0.390 0.050 0.203 138
11⁄32 0.344 0.420 0.500 0.750 0.340 0.450 0.450 0.050 0.203 193
3⁄8 0.375 0.420 0.500 0.780 0.360 0.450 0.520 0.050 0.219 275
7⁄16 0.438 0.470 0.590 0.890 0.420 0.520 0.640 0.050 0.250 413
1⁄2 0.500 0.520 0.640 1.000 0.470 0.580 0.660 0.050 0.266 550
9⁄16 0.563 0.590 0.770 1.130 0.520 0.660 0.700 0.050 0.297 770
5⁄8 0.625 0.640 0.830 1.230 0.550 0.700 0.700 0.050 0.344 1100

11⁄16 0.688 0.770 0.920 1.470 0.660 0.880 0.800 0.060 0.375 1375
3⁄4 0.750 0.770 0.920 1.510 0.670 0.880 0.800 0.060 0.375 1650

13⁄16 0.813 0.910 1.120 1.660 0.720 0.970 0.860 0.060 0.406 2200
7⁄8 0.875 0.970 1.150 1.810 0.800 1.060 0.910 0.060 0.438 2475

15⁄16 0.938 0.970 1.150 1.850 0.810 1.060 0.950 0.060 0.438 3025
1 1.000 1.050 1.230 2.000 0.880 1.160 1.060 0.060 0.500 3575

1 1⁄16 1.063 1.090 1.250 2.100 0.970 1.200 1.200 0.080 0.500 3850
1 1⁄8 1.125 1.140 1.370 2.210 1.000 1.270 1.230 0.080 0.500 4400
1 1⁄4 1.250 1.270 1.420 2.440 1.080 1.390 1.310 0.080 0.562 5775
1 5⁄16 1.313 1.390 1.690 2.630 1.170 1.520 1.340 0.080 0.562 8400
1 7⁄16 1.438 1.470 1.720 2.800 1.250 1.590 1.340 0.090 0.641 8250
1 1⁄2 1.500 1.470 1.720 2.840 1.270 1.590 1.450 0.090 0.641 8500
1 5⁄8 1.625 1.560 1.880 3.100 1.380 1.750 1.560 0.090 0.641 9000
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Fig. 1. Clearances for Open End Engineers Wrench (See Table 2)
Fig. 2. Clearance Dimensions for Single and Double 
Hexagon Socket Wrenches (See Tables 3a and3b)

Table 3a. Clearance for Single and Double Hexagon Socket Wrenches, Regular Length – Inch Series
See Fig. 2, page 1464 for Dimensions

Nominal
Opening

Radial
Clear-
ance

 C Ref.a

1/4 in. Square Drive, Q 3/8 in. Square Drive, Q 1/2 in. Square Drive, Q 3/4 in. Square Drive, Q
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1⁄8 (0.125) 0.030 1.010 0.250 0.510 0.540 35 … … … … … … … … … … … … … … …
5⁄32 (0.156) 0.030 1.010 0.281 0.510 0.540 60 … … … … … … … … … … … … … … …
3⁄16 (0.188) 0.030 1.010 0.338 0.510 0.540 95 … … … … … … … … … … … … … … …
7⁄32 (0.219) 0.030 1.010 0.382 0.510 0.540 135 … … … … … … … … … … … … … … …
1⁄4 (0.250) 0.030 1.010 0.425 0.510 0.540 190 1.260 0.472 0.690 0.720 270 … … … … … … … … … …
9⁄32 (0.281) 0.030 1.010 0.457 0.510 0.540 250 1.260 0.496 0.690 0.720 350 … … … … … … … … … …
5⁄16 (0.313) 0.030 1.010 0.510 0.510 0.540 320 1.260 0.521 0.690 0.720 440 … … … … … … … … … …

11⁄32 (0.344) 0.030 1.010 0.547 0.547 0.577 400 1.260 0.567 0.690 0.720 550 … … … … … … … … … …
3⁄8 (0.375) 0.030 1.010 0.597 0.597 0.627 500 1.260 0.613 0.690 0.720 660 1.525 0.655 0.940 0.970 1100 … … … … …
7⁄16 (0.438) 0.030 1.010 0.683 0.683 0.713 500 1.260 0.683 0.690 0.720 930 1.525 0.730 0.940 0.970 1500 … … … … …
1⁄2 (0.500) 0.030 1.010 0.697 0.697 0.727 500 1.260 0.751 0.880 0.910 1240 1.525 0.775 0.940 0.970 2000 … … … … …
9⁄16 (0.563) 0.030 1.010 0.778 0.778 0.808 500 1.260 0.814 0.880 0.910 1610 1.572 0.845 0.940 0.970 2600 … … … … …
5⁄8 (0.625) 0.030 … … … … … 1.260 0.890 0.890 0.920 200 1.572 0.942 0.970 1.000 3300 … … … … …

G

D

G

A

E

30˚

F radius 
B radius 

Wrench opening

G

G

A

C

G

K

C
L*

Q  Square Drive Nominal
Socket Opening

* Does not include 
allowance for torque 
device.

Machinery's Handbook 28th Edition

Copyright 2008, Industrial Press Inc., New York, NY - www.industrialpress.com



H
E

X
 SO

C
K

E
T

 W
R

E
N

C
H

 C
L

E
A

R
A

N
C

E
 - IN

C
H

1465All dimensions are in inches. For details not shown and additional socket sizes, see ANSI/ASME B107.1-2002, Socket Wrenches, Hand (Inch Series).

11⁄16 (0.688) 0.030 … … … … … 1.260 0.968 0.968 0.998 2200 1.572 1.010 1.010 1.040 4100 … … … … …
3⁄4 (0.750) 0.030 … … … … … 1.260 1.110 1.110 1.140 2200 1.572 1.080 1.080 1.110 5000 2.000 1.285 1.450 1.480 6000

13⁄16 (0.813) 0.030 … … … … … 1.406 1.141 1.141 1.171 2200 1.635 1.145 1.145 1.175 5000 2.000 1.300 1.450 1.480 6800
7⁄8 (0.875) 0.030 … … … … … 1.406 1.250 1.250 1.280 2200 1.760 1.218 1.218 1.248 5000 2.010 1.385 1.575 1.605 7700

15⁄16 (0.938) 0.030 … … … … … 1.650 1.310 1.310 1.340 2200 1.760 1.300 1.300 1.330 5000 2.010 1.450 1.575 1.605 8700
1 (1.000) 0.030 … … … … … 1.650 1.380 1.380 1.410 2200 1.760 1.375 1.375 1.405 5000 2.072 1.520 1.575 1.605 9700

1 1⁄16 (1.063) 0.030 … … … … … … … … … … 1.853 1.480 1.480 1.510 5000 2.200 1.595 1.595 1.625 10,800

1 1⁄8 (1.125) 0.030 … … … … … … … … … … 1.947 1.540 1.540 1.570 5000 2.322 1.600 1.680 1.710 11,900

1 3⁄16 (1.188) 0.030 … … … … … … … … … … 1.947 1.675 1.675 1.705 5000 2.322 1.735 1.735 1.765 13,000

1 1⁄4 (1.250) 0.030 … … … … … … … … … … 2.015 1.750 1.750 1.780 5000 2.385 1.870 1.870 1.900 14,200

1 5⁄16 (1.313) 0.030 … … … … … … … … … … 2.015 1.820 1.820 1.850 5000 2.510 1.920 1.920 1.950 15,400

1 3⁄8 (1.375) 0.030 … … … … … … … … … … 2.155 1.885 1.885 1.915 5000 2.635 1.980 1.980 2.010 16,700

1 7⁄16 (1.438) 0.030 … … … … … … … … … … 2.295 1.955 1.955 1.985 5000 2.635 2.075 2.075 2.105 18,000

1 1⁄2 (1.500) 0.030 … … … … … … … … … … 2.295 2.025 2.025 2.055 5000 2.635 2.145 2.145 2.175 18,000

1 5⁄8 (1.625) 0.030 … … … … … … … … … … … … … … … 2.760 2.260 2.260 2.290 18,000

1 3⁄4 (1.750) 0.030 … … … … … … … … … … … … … … … 2.760 2.325 2.325 2.355 18,000

1 13⁄16 (1.813) 0.030 … … … … … … … … … … … … … … … 3.135 2.400 2.400 2.430 18,000

1 7⁄8 (1.875) 0.030 … … … … … … … … … … … … … … … 3.135 2.510 2.510 2.540 18,000
2 (2.000) 0.030 … … … … … … … … … … … … … … … 3.260 2.575 2.575 2.605 18,000

2 1⁄16 (2.063) 0.030 … … … … … … … … … … … … … … … 3.385 2.695 2.695 2.725 18,000

2 1⁄8 (2.125) 0.030 … … … … … … … … … … … … … … … 3.510 2.885 2.885 2.915 18,000

2 3⁄16 (2.188) 0.030 … … … … … … … … … … … … … … … 3.697 3.025 3.025 3.055 18,000

2 1⁄4 (2.250) 0.030 … … … … … … … … … … … … … … … 3.697 3.075 3.075 3.105 18,000

a From the SAE Aeronautical Drafting Manual 

Table 3a. (Continued) Clearance for Single and Double Hexagon Socket Wrenches, Regular Length – Inch Series
See Fig. 2, page 1464 for Dimensions

Nominal
Opening

Radial
Clear-
ance

 C Ref.a
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1466Table 3b.  Single and Double Hexagon Socket, Regular Length – Metric Series 

(See Fig. 2, page 1464 for Dimensions)

6.3 mm Square Drive, Q 10 mm Square Drive, Q 12.5 mm Square Drive, Q 20 mm Square Drive, Q
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3.2 0.762 26 6.10 12.95 14.47 7 … … … … … … … … … … … … … … …

4 0.762 26 7.10 12.95 14.47 8 … … … … … … … … … … … … … … …

4.5 0.762 26 7.60 12.95 14.47 9 … … … … … … … … … … … … … … …

5 0.762 26 8.15 12.95 14.47 10 … … … … … … … … … … … … … … …

5.5 0.762 26 8.90 12.95 14.47 14 32 10.10 17.60 19.124 270 … … … … … … … … … …

6 0.762 26 9.90 12.95 14.47 16 32 10.10 17.60 19.124 350 … … … … … … … … … …

6.3 0.762 26 9.90 12.95 14.47 21 32 10.10 17.60 19.124 440 … … … … … … … … … …

7 0.762 26 10.90 12.95 14.47 27 32 11.05 17.60 19.124 550 … … … … … … … … … …

8 0.762 26 12.20 12.95 14.47 38 32 12.20 17.60 19.124 660 39 14.00 23.87 25.39 80 … … … … …

9 0.762 26 13.45 13.45 14.97 49 32 13.60 17.60 19.124 930 39 15.10 23.87 25.39 110 … … … … …

10 0.762 26 14.75 14.75 16.27 63 32 15.00 17.60 19.124 1240 39 16.80 23.87 25.39 153 … … … … …

11 0.762 26 16.00 16.00 17.52 68 32 16.75 17.60 19.124 1610 39 18.20 23.87 25.39 170 … … … … …

12 0.762 26 17.30 17.30 18.82 68 32 17.80 22.40 23.924 200 39 18.70 23.87 25.39 203 … … … … …

13 0.762 26 18.55 18.55 20.07 68 32 18.80 22.40 23.924 2200 39 20.25 23.87 25.39 249 … … … … …

14 0.762 26 19.80 19.80 21.32 68 32 20.00 22.40 23.924 2200 39 21.80 23.87 25.39 282 … … … … …

15 0.762 26 21.50 21.50 23.02 68 32 22.40 22.40 23.924 2200 40 22.40 23.87 25.39 339 … … … … …

16 0.762 26 22.00 22.00 23.52 68 32 22.50 22.50 24.024 2200 40 23.87 23.87 25.39 407 … … … … …

17 0.762 … … … … … 32 23.80 23.80 25.324 2200 40 24.75 24.75 26.27 475 … … … … …

18 0.762 … … … … … 32 24.60 24.60 26.124 2200 40 26.14 26.14 27.66 542 … … … … …

19 0.762 … … … … … 32 25.70 25.70 27.224 … 40 27.20 27.20 28.72 575 51 30.50 33.00 33.76 780

20 0.762 … … … … … 32 27.76 27.76 29.284 … 42 27.95 27.95 29.47 570 … … … … …

21 0.762 … … … … … 34 28.80 28.80 30.324 … 42 28.95 28.95 30.47 570 51 33.00 33.00 33.76 930

22 0.762 … … … … … 34 30.00 30.00 31.524 … 45 30.20 30.20 31.72 570 51 35.05 38.10 38.86 972

23 0.762 … … … … … 35 31.30 31.30 32.824 … 45 31.25 31.25 32.77 570 51 36.10 39.10 39.86 1015
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All dimensions are in mm. For details not shown and additional socket sizes, see ANSI/ASME B107.5M-2002, Socket Wrenches, Hand (Metric Series).

24 0.762 … … … … … 36 32.50 32.50 34.024 … 45 32.15 32.15 33.67 570 51 37.00 40.00 40.76 1085

25 0.762 … … … … … 38 33.00 33.00 34.524 … 45 33.40 33.40 34.92 570 52 37.85 40.00 40.76 1160

26 0.762 … … … … … 38 35.00 35.00 36.524 … 48 35.05 35.05 36.57 570 53 38.85 40.00 40.76 1240

27 0.762 … … … … … … … … … … 48 36.75 36.75 38.27 570 54 41.00 41.00 41.76 1330

28 0.762 … … … … … … … … … … 50 37.80 37.80 39.32 570 57 41.00 41.00 41.76 1420

29 0.762 … … … … … … … … … … 50 39.50 39.50 41.02 570 59 42.10 42.10 42.86 1520

30 0.762 … … … … … … … … … … 50 42.40 42.40 43.92 570 59 43.00 43.00 43.76 1640

31 0.762 … … … … … … … … … … 50 43.20 43.20 44.72 570 60 45.10 45.10 45.86 1730

32 0.762 … … … … … … … … … … 51 44.05 44.05 45.57 570 60 47.05 47.05 47.81 1820

34 0.762 … … … … … … … … … … … … … … … 64 49.00 49.00 49.76 2000

35 0.762 … … … … … … … … … … … … … … … 67 50.40 50.40 51.16 2030

36 0.762 … … … … … … … … … … … … … … … 67 51.80 51.80 52.56 2030

38 0.762 … … … … … … … … … … … … … … … 67 54.10 54.10 54.86 2030

40 0.762 … … … … … … … … … … … … … … … 70 57.65 57.65 58.41 2030

41 0.762 … … … … … … … … … … … … … … … 70 58.80 58.80 59.56 2030

42 0.762 … … … … … … … … … … … … … … … 70 58.80 58.80 59.56 2030

46 0.762 … … … … … … … … … … … … … … … 83 65.40 65.40 66.16 2030

50 0.762 … … … … … … … … … … … … … … … 89 72.15 72.15 72.91 2030

54 0.762 … … … … … … … … … … … … … … … 94 78.10 78.10 78.86 2030

55 0.762 … … … … … … … … … … … … … … … 95 79.10 79.10 79.86 2030

58 0.762 … … … … … … … … … … … … … … … 97 80.00 80.00 80.76 2030

60 0.762 … … … … … … … … … … … … … … … 100 84.45 84.45 85.21 2030

a  Converted from inch dimensions given in the SAE Aeronautical Drafting Manual. 

Table 3b. (Continued)  Single and Double Hexagon Socket, Regular Length – Metric Series 

(See Fig. 2, page 1464 for Dimensions)
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1468 BOX WRENCH CLEARANCES

Table 4. Clearances for Box Wrenches – 12 Point Inch and Metric Series

US Customary (inch) Metric (mm)
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ANSI/ASME B107.100 Wrenches 
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 1⁄8 (0.125) 0.179 0.219 0.030 0.172 60 4 4.56 6.03 0.762 4.0 12
 5⁄32 (0.156) 0.187 0.244 0.030 0.172 90 5 5.26 7.29 0.762 4.6 17
 3⁄16 (0.188) 0.218 0.301 0.030 0.203 150 5.5 6.66 8.97 0.762 6.0 18
 7⁄32 (0.219) 0.233 0.325 0.030 0.234 165 6 7.11 9.69 0.762 7.4 20
 1⁄4 (0.250) 0.269 0.378 0.030 0.295 220 7 7.91 11.05 0.762 7.7 27
 9⁄32 (0.281) 0.280 0.407 0.030 0.280 248 8 8.26 11.98 0.762 8.2 30

 5⁄16 (0.313) 0.316 0.461 0.030 0.330 275 9 9.46 13.76 0.762 9.0 40
 11⁄32 (0.344) 0.336 0.499 0.030 0.335 275 10 10.16 15.04 0.762 9.0 71

 3⁄8 (0.375) 0.362 0.543 0.030 0.344 605 11 10.71 16.15 0.762 10.0 80
 7⁄16 (0.438) 0.395 0.612 0.030 0.391 715 12 11.46 17.47 0.762 10.0 91
 1⁄2 (0.500) 0.442 0.694 0.030 0.394 1020 13 12.31 18.89 0.762 10.5 115

 9⁄16 (0.563) 0.492 0.779 0.030 0.425 1500 14 12.96 20.10 0.762 11.5 158
 5⁄8 (0.625) 0.530 0.853 0.030 0.500 2200 15 13.76 21.46 0.762 11.5 200

 11⁄16 (0.688) 0.577 0.935 0.030 0.535 2640 16 14.26 22.53 0.762 12.1 248
 3⁄4 (0.750) 0.618 1.012 0.030 0.594 2860 17 15.41 24.25 0.762 12.7 267

 13⁄16 (0.813) 0.702 1.132 0.030 0.609 3300 18 15.41 24.83 0.762 12.7 304

 7⁄8 (0.875) 0.718 1.183 0.030 0.688 3630 19 16.36 26.35 0.762 14.8 323
 15⁄16 (0.938) 0.765 1.266 0.030 0.701 4510 20 17.21 27.77 0.762 14.8 347

1      (1.000) 0.796 1.330 0.030 0.719 5390 21 17.66 28.79 0.762 16.3 372
1  1⁄16 (1.063) 0.874 1.445 0.030 0.790 5940 22 18.56 30.27 0.762 16.3 408
1  1⁄8 (1.125) 0.892 1.498 0.030 0.860 6430 23 19.41 31.69 0.762 16.5 455

1  3⁄16 (1.188) 0.937 1.579 0.030 0.890 7200 24 19.81 32.65 0.762 17.8 509
1  1⁄4 (1.250) 0.983 1.661 0.030 0.940 7920 25 20.86 34.24 0.762 17.9 559
1  5⁄16 (1.313) 1.062 1.775 0.030 0.940 8400 26 12.86 26.79 0.762 18.0 608
1  3⁄8 (1.375) 1.087 1.836 0.030 0.940 8970 27 22.86 37.37 0.762 19.8 671
1  7⁄16 (1.438) 1.144 1.929 0.030 0.953 9240 28 23.41 38.49 0.762 19.8 710

1  1⁄2 (1.500) 1.228 2.049 0.030 1.008 10,365 29 23.41 39.06 0.762 19.8 750
1  9⁄16 (1.563) 1.249 2.104 0.030 1.031 11,495 30 24.51 40.73 0.762 20.0 795
1  5⁄8 (1.625) 1.351 2.241 0.030 1.063 12,800 31 25.06 41.85 0.762 20.5 850
1 11⁄16 (1.688) 1.425 2.351 0.030 1.063 13,570 32 25.66 43.03 0.762 22.0 905
1  3⁄4 (1.750) 1.499 2.461 0.030 1.125 14,300 33 25.91 43.84 0.762 22.3 950

1 13⁄16 (1.813) 1.499 2.496 0.030 1.125 15,100 34 26.76 45.26 0.762 23.2 994
1  7⁄8 (1.875) 1.593 2.625 0.030 1.125 15,900 36 28.81 48.47 0.762 25.1 1165
2      (2.000) 1.593 2.696 0.030 1.125 17,400 41 32.21 54.68 0.762 25.3 1579
2  1⁄16 (2.063) 1.687 2.825 0.030 1.234 18,200 46 34.76 60.06 0.762 25.8 2067
2  1⁄8 (2.125) 1.687 2.861 0.030 1.234 19,000 50 38.76 66.33 0.762 27.6 2512

2  3⁄16 (2.188) 1.687 2.896 0.030 1.234 19,700 … … … … … …
2  1⁄4 (2.250) 1.687 2.931 0.030 1.234 20,500 … … … … … …

DA B

Nominal
Wrench Opening

CA
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WASHERS 1469

Table 1a. American National Standard Type A Plain Washers—
Preferred Sizes ANSI/ASME B18.22.1-1965 (R2003)

All dimensions are in inches.
Preferred sizes are for the most part from series previously designated “Standard Plate” and

“SAE.” Where common sizes existed in the two series, the SAE size is designated “N” (narrow) and
the Standard Plate “W” (wide). These sizes as well as all other sizes of Type A Plain Washers are to
be ordered by ID, OD, and thickness dimensions.

Additional selected sizes of Type A Plain Washers are shown in Table 1b.

Nominal
Washer
Sizea

a Nominal washer sizes are intended for use with comparable nominal screw or bolt sizes. 

Series

Inside Diameter Outside Diameter Thickness

Basic

Tolerance

Basic

Tolerance

Basic Max. Min.Plus Minus Plus Minus

— — 0.078 0.000 0.005 0.188 0.000 0.005 0.020 0.025 0.016
— — 0.094 0.000 0.005 0.250 0.000 0.005 0.020 0.025 0.016
— — 0.125 0.008 0.005 0.312 0.008 0.005 0.032 0.040 0.025

No. 6 0.138 0.156 0.008 0.005 0.375 0.015 0.005 0.049 0.065 0.036
No. 8 0.164 0.188 0.008 0.005 0.438 0.015 0.005 0.049 0.065 0.036
No. 10 0.190 0.219 0.008 0.005 0.500 0.015 0.005 0.049 0.065 0.036

3⁄16 0.188 0.250 0.015 0.005 0.562 0.015 0.005 0.049 0.065 0.036

No. 12 0.216 0.250 0.015 0.005 0.562 0.015 0.005 0.065 0.080 0.051
1⁄4 0.250 N 0.281 0.015 0.005 0.625 0.015 0.005 0.065 0.080 0.051
1⁄4 0.250 W 0.312 0.015 0.005 0.734b

b The 0.734-inch, 1.156-inch, and 1.469-inch outside diameters avoid washers which could be used
in coin operated devices. 

0.015 0.007 0.065 0.080 0.051
5⁄16 0.312 N 0.344 0.015 0.005 0.688 0.015 0.007 0.065 0.080 0.051
5⁄16 0.312 W 0.375 0.015 0.005 0.875 0.030 0.007 0.083 0.104 0.064
3⁄8 0.375 N 0.406 0.015 0.005 0.812 0.015 0.007 0.065 0.080 0.051
3⁄8 0.375 W 0.438 0.015 0.005 1.000 0.030 0.007 0.083 0.104 0.064
7⁄16 0.438 N 0.469 0.015 0.005 0.922 0.015 0.007 0.065 0.080 0.051
7⁄16 0.438 W 0.500 0.015 0.005 1.250 0.030 0.007 0.083 0.104 0.064
1⁄2 0.500 N 0.531 0.015 0.005 1.062 0.030 0.007 0.095 0.121 0.074
1⁄2 0.500 W 0.562 0.015 0.005 1.375 0.030 0.007 0.109 0.132 0.086
9⁄16 0.562 N 0.594 0.015 0.005 1.156b 0.030 0.007 0.095 0.121 0.074
9⁄16 0.562 W 0.625 0.015 0.005 1.469b 0.030 0.007 0.109 0.132 0.086
5⁄8 0.625 N 0.656 0.030 0.007 1.312 0.030 0.007 0.095 0.121 0.074
5⁄8 0.625 W 0.688 0.030 0.007 1.750 0.030 0.007 0.134 0.160 0.108
3⁄4 0.750 N 0.812 0.030 0.007 1.469 0.030 0.007 0.134 0.160 0.108
3⁄4 0.750 W 0.812 0.030 0.007 2.000 0.030 0.007 0.148 0.177 0.122
7⁄8 0.875 N 0.938 0.030 0.007 1.750 0.030 0.007 0.134 0.160 0.108
7⁄8 0.875 W 0.938 0.030 0.007 2.250 0.030 0.007 0.165 0.192 0.136

1 1.000 N 1.062 0.030 0.007 2.000 0.030 0.007 0.134 0.160 0.108
1 1.000 W 1.062 0.030 0.007 2.500 0.030 0.007 0.165 0.192 0.136
11⁄8 1.125 N 1.250 0.030 0.007 2.250 0.030 0.007 0.134 0.160 0.108

11⁄8 1.125 W 1.250 0.030 0.007 2.750 0.030 0.007 0.165 0.192 0.136

11⁄4 1.250 N 1.375 0.030 0.007 2.500 0.030 0.007 0.165 0.192 0.136

11⁄4 1.250 W 1.375 0.030 0.007 3.000 0.030 0.007 0.165 0.192 0.136

13⁄8 1.375 N 1.500 0.030 0.007 2.750 0.030 0.007 0.165 0.192 0.136

13⁄8 1.375 W 1.500 0.045 0.010 3.250 0.045 0.010 0.180 0.213 0.153

11⁄2 1.500 N 1.625 0.030 0.007 3.000 0.030 0.007 0.165 0.192 0.136

11⁄2 1.500 W 1.625 0.045 0.010 3.500 0.045 0.010 0.180 0.213 0.153

15⁄8 1.625 1.750 0.045 0.010 3.750 0.045 0.010 0.180 0.213 0.153

13⁄4 1.750 1.875 0.045 0.010 4.000 0.045 0.010 0.180 0.213 0.153

17⁄8 1.875 2.000 0.045 0.010 4.250 0.045 0.010 0.180 0.213 0.153

2 2.000 2.125 0.045 0.010 4.500 0.045 0.010 0.180 0.213 0.153
21⁄4 2.250 2.375 0.045 0.010 4.750 0.045 0.010 0.220 0.248 0.193

21⁄2 2.500 2.625 0.045 0.010 5.000 0.045 0.010 0.238 0.280 0.210

23⁄4 2.750 2.875 0.065 0.010 5.250 0.065 0.010 0.259 0.310 0.228

3 3.000 3.125 0.065 0.010 5.500 0.065 0.010 0.284 0.327 0.249
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Table 1b. American National Standard Type A Plain Washers — 
Additional Selected Sizes  ANSI/ASME B18.22.1-1965 (R2003)

All dimensions are in inches.

The above sizes are to be ordered by ID, OD, and thickness dimensions.

Preferred Sizes of Type A Plain Washers are shown in Table 1a.

ANSI Standard Plain Washers.—The Type A plain washers were originally developed
in a light, medium, heavy and extra heavy series. These series have been discontinued and
the washers are now designated by their nominal dimensions.

The Type B plain washers are available in a narrow, regular and wide series with propor-
tions designed to distribute the load over larger areas of lower strength materials.

Plain washers are made of ferrous or non-ferrous metal, plastic or other material as spec-
ified. The tolerances indicated in the tables are intended for metal washers only.

Inside Diameter Outside Diameter Thickness

Basic

Tolerance

Basic

Tolerance

Basic Max. Min.Plus Minus Plus Minus

0.094 0.000 0.005 0.219 0.000 0.005 0.020 0.025 0.016

0.125 0.000 0.005 0.250 0.000 0.005 0.022 0.028 0.017

0.156 0.008 0.005 0.312 0.008 0.005 0.035 0.048 0.027

0.172 0.008 0.005 0.406 0.015 0.005 0.049 0.065 0.036

0.188 0.008 0.005 0.375 0.015 0.005 0.049 0.065 0.036

0.203 0.008 0.005 0.469 0.015 0.005 0.049 0.065 0.036

0.219 0.008 0.005 0.438 0.015 0.005 0.049 0.065 0.036

0.234 0.008 0.005 0.531 0.015 0.005 0.049 0.065 0.036

0.250 0.015 0.005 0.500 0.015 0.005 0.049 0.065 0.036

0.266 0.015 0.005 0.625 0.015 0.005 0.049 0.065 0.036

0.312 0.015 0.005 0.875 0.015 0.007 0.065 0.080 0.051

0.375 0.015 0.005 0.734a

a The 0.734-inch and 1.469-inch outside diameters avoid washers which could be used in coin oper-
ated devices. 

0.015 0.007 0.065 0.080 0.051

0.375 0.015 0.005 1.125 0.015 0.007 0.065 0.080 0.051

0.438 0.015 0.005 0.875 0.030 0.007 0.083 0.104 0.064

0.438 0.015 0.005 1.375 0.030 0.007 0.083 0.104 0.064

0.500 0.015 0.005 1.125 0.030 0.007 0.083 0.104 0.064

0.500 0.015 0.005 1.625 0.030 0.007 0.083 0.104 0.064

0.562 0.015 0.005 1.250 0.030 0.007 0.109 0.132 0.086

0.562 0.015 0.005 1.875 0.030 0.007 0.109 0.132 0.086

0.625 0.015 0.005 1.375 0.030 0.007 0.109 0.132 0.086

0.625 0.015 0.005 2.125 0.030 0.007 0.134 0.160 0.108

0.688 0.030 0.007 1.469a 0.030 0.007 0.134 0.160 0.108

0.688 0.030 0.007 2.375 0.030 0.007 0.165 0.192 0.136

0.812 0.030 0.007 1.750 0.030 0.007 0.148 0.177 0.122

0.812 0.030 0.007 2.875 0.030 0.007 0.165 0.192 0.136

0.938 0.030 0.007 2.000 0.030 0.007 0.165 0.192 0.136

0.938 0.030 0.007 3.375 0.045 0.010 0.180 0.213 0.153

1.062 0.030 0.007 2.250 0.030 0.007 0.165 0.192 0.136

1.062 0.045 0.010 3.875 0.045 0.010 0.238 0.280 0.210

1.250 0.030 0.007 2.500 0.030 0.007 0.165 0.192 0.136

1.375 0.030 0.007 2.750 0.030 0.007 0.165 0.192 0.136

1.500 0.045 0.010 3.000 0.045 0.010 0.180 0.213 0.153

1.625 0.045 0.010 3.250 0.045 0.010 0.180 0.213 0.153

1.688 0.045 0.010 3.500 0.045 0.010 0.180 0.213 0.153

1.812 0.045 0.010 3.750 0.045 0.010 0.180 0.213 0.153

1.938 0.045 0.010 4.000 0.045 0.010 0.180 0.213 0.153

2.062 0.045 0.010 4.250 0.045 0.010 0.180 0.213 0.153
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Table 2. American National Standard Type B Plain Washers — 

Nominal
Washer
Sizea

Seriesb

Inside Diameter Outside Diameter Thickness

Basic

Tolerance

Basic

Tolerance

Basic Max. Min.Plus Minus Plus Minus

No. 0 0.060

N 0.068 0.000 0.005 0.125 0.000 0.005 0.025 0.028 0.022

R 0.068 0.000 0.005 0.188 0.000 0.005 0.025 0.028 0.022

W 0.068 0.000 0.005 0.250 0.000 0.005 0.025 0.028 0.022

No. 1 0.073

N 0.084 0.000 0.005 0.156 0.000 0.005 0.025 0.028 0.022

R 0.084 0.000 0.005 0.219 0.000 0.005 0.025 0.028 0.022

W 0.084 0.000 0.005 0.281 0.000 0.005 0.032 0.036 0.028

No. 2 0.086

N 0.094 0.000 0.005 0.188 0.000 0.005 0.025 0.028 0.022

R 0.094 0.000 0.005 0.250 0.000 0.005 0.032 0.036 0.028

W 0.094 0.000 0.005 0.344 0.000 0.005 0.032 0.036 0.028

No. 3 0.099

N 0.109 0.000 0.005 0.219 0.000 0.005 0.025 0.028 0.022

R 0.109 0.000 0.005 0.312 0.000 0.005 0.032 0.036 0.028

W 0.109 0.008 0.005 0.406 0.008 0.005 0.040 0.045 0.036

No. 4 0.112

N 0.125 0.000 0.005 0.250 0.000 0.005 0.032 0.036 0.028

R 0.125 0.008 0.005 0.375 0.008 0.005 0.040 0.045 0.036

W 0.125 0.008 0.005 0.438 0.008 0.005 0.040 0.045 0.036

No. 5 0.125

N 0.141 0.000 0.005 0.281 0.000 0.005 0.032 0.036 0.028

R 0.141 0.008 0.005 0.406 0.008 0.005 0.040 0.045 0.036

W 0.141 0.008 0.005 0.500 0.008 0.005 0.040 0.045 0.036

No. 6 0.138

N 0.156 0.000 0.005 0.312 0.000 0.005 0.032 0.036 0.028

R 0.156 0.008 0.005 0.438 0.008 0.005 0.040 0.045 0.036

W 0.156 0.008 0.005 0.562 0.008 0.005 0.040 0.045 0.036

No. 8 0.164

N 0.188 0.008 0.005 0.375 0.008 0.005 0.040 0.045 0.036

R 0.188 0.008 0.005 0.500 0.008 0.005 0.040 0.045 0.036

W 0.188 0.008 0.005 0.625 0.015 0.005 0.063 0.071 0.056

No. 10 0.190

N 0.203 0.008 0.005 0.406 0.008 0.005 0.040 0.045 0.036

R 0.203 0.008 0.005 0.562 0.008 0.005 0.040 0.045 0.036

W 0.203 0.008 0.005 0.734c 0.015 0.007 0.063 0.071 0.056

No. 12 0.216

N 0.234 0.008 0.005 0.438 0.008 0.005 0.040 0.045 0.036

R 0.234 0.008 0.005 0.625 0.015 0.005 0.063 0.071 0.056

W 0.234 0.008 0.005 0.875 0.015 0.007 0.063 0.071 0.056

1⁄4 0.250

N 0.281 0.015 0.005 0.500 0.015 0.005 0.063 0.071 0.056

R 0.281 0.015 0.005 0.734c 0.015 0.007 0.063 0.071 0.056

W 0.281 0.015 0.005 1.000 0.015 0.007 0.063 0.071 0.056

5⁄16 0.312

N 0.344 0.015 0.005 0.625 0.015 0.005 0.063 0.071 0.056

R 0.344 0.015 0.005 0.875 0.015 0.007 0.063 0.071 0.056

W 0.344 0.015 0.005 1.125 0.015 0.007 0.063 0.071 0.056

3⁄8 0.375

N 0.406 0.015 0.005 0.734c 0.015 0.007 0.063 0.071 0.056

R 0.406 0.015 0.005 1.000 0.015 0.007 0.063 0.071 0.056

W 0.406 0.015 0.005 1.250 0.030 0.007 0.100 0.112 0.090

7⁄16 0.438

N 0.469 0.015 0.005 0.875 0.015 0.007 0.063 0.071 0.056

R 0.469 0.015 0.005 1.125 0.015 0.007 0.063 0.071 0.056

W 0.469 0.015 0.005 1.469c 0.030 0.007 0.100 0.112 0.090

1⁄2 0.500

N 0.531 0.015 0.005 1.000 0.015 0.007 0.063 0.071 0.056

R 0.531 0.015 0.005 1.250 0.030 0.007 0.100 0.112 0.090

W 0.531 0.015 0.005 1.750 0.030 0.007 0.100 0.112 0.090

9⁄16 0.562

N 0.594 0.015 0.005 1.125 0.015 0.007 0.063 0.071 0.056

R 0.594 0.015 0.005 1.469c 0.030 0.007 0.100 0.112 0.090

W 0.594 0.015 0.005 2.000 0.030 0.007 0.100 0.112 0.090

5⁄8 0.625

N 0.656 0.030 0.007 1.250 0.030 0.007 0.100 0.112 0.090

R 0.656 0.030 0.007 1.750 0.030 0.007 0.100 0.112 0.090

W 0.656 0.030 0.007 2.250 0.030 0.007 0.160 0.174 0.146
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All dimensions are in inches.
Inside and outside diameters shall be concentric within at least the inside diameter tolerance.
Washers shall be flat within 0.005-inch for basic outside diameters up through 0.875-inch and

within 0.010 inch for larger outside diameters.
For 21⁄4-, 21⁄2-, 23⁄4-, and 3-inch sizes see ANSI/ASME B18.22.1-1965 (R2003).

American National Standard Helical Spring and Tooth Lock Washers ANSI/ASME
B18.21.1-1999.—This standard covers helical spring lock washers of carbon steel; boron
steel; corrosion resistant steel, Types 302 and 305; aluminum-zinc alloy; phosphor-
bronze; silicon-bronze; and K-Monel; in various series. Tooth lock washers of carbon steel
having internal teeth, external teeth, and both internal and external teeth, of two construc-
tions, designated as Type A and Type B. Washers intended for general industrial applica-
tion are also covered. American National Standard Lock Washers (Metric Series)
ANSI/ASME B18.21.2M-1999 covers metric sizes for helical spring and tooth lock wash-
ers.

3⁄4 0.750

N 0.812 0.030 0.007 1.375 0.030 0.007 0.100 0.112 0.090

R 0.812 0.030 0.007 2.000 0.030 0.007 0.100 0.112 0.090

W 0.812 0.030 0.007 2.500 0.030 0.007 0.160 0.174 0.146

7⁄8 0.875

N 0.938 0.030 0.007 1.469c 0.030 0.007 0.100 0.112 0.090

R 0.938 0.030 0.007 2.250 0.030 0.007 0.160 0.174 0.146

W 0.938 0.030 0.007 2.750 0.030 0.007 0.160 0.174 0.146

1 1.000

N 1.062 0.030 0.007 1.750 0.030 0.007 0.100 0.112 0.090

R 1.062 0.030 0.007 2.500 0.030 0.007 0.160 0.174 0.146

W 1.062 0.030 0.007 3.000 0.030 0.007 0.160 0.174 0.146

11⁄8 1.125

N 1.188 0.030 0.007 2.000 0.030 0.007 0.100 0.112 0.090

R 1.188 0.030 0.007 2.750 0.030 0.007 0.160 0.174 0.146

W 1.188 0.030 0.007 3.250 0.030 0.007 0.160 0.174 0.146

11⁄4 1.250

N 1.312 0.030 0.007 2.250 0.030 0.007 0.160 0.174 0.146

R 1.312 0.030 0.007 3.000 0.030 0.007 0.160 0.174 0.146

W 1.312 0.045 0.010 3.500 0.045 0.010 0.250 0.266 0.234

13⁄8 1.375

N 1.438 0.030 0.007 2.500 0.030 0.007 0.160 0.174 0.146

R 1.438 0.030 0.007 3.250 0.030 0.007 0.160 0.174 0.146

W 1.438 0.045 0.010 3.750 0.045 0.010 0.250 0.266 0.234

11⁄2 1.500

N 1.562 0.030 0.007 2.750 0.030 0.007 0.160 0.174 0.146

R 1.562 0.045 0.010 3.500 0.045 0.010 0.250 0.266 0.234

W 1.562 0.045 0.010 4.000 0.045 0.010 0.250 0.266 0.234

15⁄8 1.625

N 1.750 0.030 0.007 3.000 0.030 0.007 0.160 0.174 0.146

R 1.750 0.045 0.010 3.750 0.045 0.010 0.250 0.266 0.234

W 1.750 0.045 0.010 4.250 0.045 0.010 0.250 0.266 0.234

13⁄4 1.750

N 1.875 0.030 0.007 3.250 0.030 0.007 0.160 0.174 0.146

R 1.875 0.045 0.010 4.000 0.045 0.010 0.250 0.266 0.234

W 1.875 0.045 0.010 4.500 0.045 0.010 0.250 0.266 0.234

17⁄8 1.875

N 2.000 0.045 0.010 3.500 0.045 0.010 0.250 0.266 0.234

R 2.000 0.045 0.010 4.250 0.045 0.010 0.250 0.266 0.234

W 2.000 0.045 0.010 4.750 0.045 0.010 0.250 0.266 0.234

2 2.000

N 2.125 0.045 0.010 3.750 0.045 0.010 0.250 0.266 0.234

R 2.125 0.045 0.010 4.500 0.045 0.010 0.250 0.266 0.234

W 2.125 0.045 0.010 5.000 0.045 0.010 0.250 0.266 0.234

a Nominal washer sizes are intended for use with comparable nominal screw or bolt sizes. 
b N indicates Narrow; R, Regular; and W, Wide Series. 
c The 0.734-inch and 1.469-inch outside diameter avoids washers which could be used in coin oper-

ated devices. 

Table 2. American National Standard Type B Plain Washers — 

Nominal
Washer
Sizea

Seriesb

Inside Diameter Outside Diameter Thickness

Basic

Tolerance

Basic

Tolerance

Basic Max. Min.Plus Minus Plus Minus
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Helical spring lock washers: These washers are used to provide: 1) good bolt tension
per unit of applied torque for tight assemblies;  2) hardened bearing surfaces to create uni-
form torque control;  3) uniform load distribution through controlled radii—section—cut-
off;  and  4) protection against looseness resulting from vibration and corrosion.

Nominal washer sizes are intended for use with comparable nominal screw or bolt sizes.
These washers are designated by the following data in the sequence shown: Product name;
nominal size (number, fraction or decimal equivalent); series; material; and protective fin-
ish, if required. For example: Helical Spring Lock Washer, 0.375 Extra Duty, Steel, Phos-
phate Coated.

Helical spring lock washers are available in four series: Regular, heavy, extra duty and
hi-collar as given in Tables 2 and 1. Helical spring lock washers made of materials other
than carbon steel are available in the regular series as given in Table 2.

Table 1. American National Standard High Collar Helical Spring Lock Washers 
 ANSI/ASME B18.21.1-1999

Nominal
Washer 

Size

Inside Diameter
Outside

Diameter

Washer Section

Width Thicknessa

a Mean section thickness = (inside thickness + outside thickness) ÷ 2. 

Min. Max. Max. Min. Min.

No. 4 0.112 0.114 0.120 0.173 0.022 0.022
No. 5 0.125 0.127 0.133 0.202 0.030 0.030
No. 6 0.138 0.141 0.148 0.216 0.030 0.030
No. 8 0.164 0.167 0.174 0.267 0.042 0.047
No. 10 0.190 0.193 0.200 0.294 0.042 0.047

1⁄4 0.250 0.252 0.260 0.363 0.047 0.078
5⁄16 0.3125 0.314 0.322 0.457 0.062 0.093
3⁄8 0.375 0.377 0.385 0.550 0.076 0.125
7⁄16 0.4375 0.440 0.450 0.644 0.090 0.140
1⁄2 0.500 0.502 0.512 0.733 0.103 0.172
5⁄8 0.625 0.628 0.641 0.917 0.125 0.203
3⁄4 0.750 0.753 0.766 1.105 0.154 0.218
7⁄8 0.875 0.878 0.894 1.291 0.182 0.234

1 1.000 1.003 1.024 1.478 0.208 0.250

11⁄8 1.125 1.129 1.153 1.663 0.236 0.313

11⁄4 1.250 1.254 1.280 1.790 0.236 0.313

13⁄8 1.375 1.379 1.408 2.031 0.292 0.375

11⁄2 1.500 1.504 1.534 2.159 0.292 0.375

13⁄4 1.750 1.758 1.789 2.596 0.383 0.469

2 2.000 2.008 2.039 2.846 0.383 0.469

21⁄4 2.250 2.262 2.293 3.345 0.508 0.508

21⁄2 2.500 2.512 2.543 3.595 0.508 0.508

23⁄4 2.750 2.762 2.793 4.095 0.633 0.633

3 3.000 3.012 3.043 4.345 0.633 0.633
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Table 2. American National Standard Helical Spring Lock Washers ANSI/ASME B18.21.1-1999

Nominal
Washer

Size

Inside Diameter, A Regular Heavy Extra Duty

Max. Min.
O.D., B
Max.

Section
Width, W

Section
Thickness, Ta

a T = mean section thickness  = (ti + to) ÷ 2. 

O.D.,B
Max.

Section
Width, W

Section
Thickness, Ta

O.D., B
Max.

Section
Width, W

Section
Thickness, Ta

No. 2 0.086 0.094 0.088 0.172 0.035 0.020 0.182 0.040 0.025 0.208 0.053 0.027
No. 3 0.099 0.107 0.101 0.195 0.040 0.025 0.209 0.047 0.031 0.239 0.062 0.034
No. 4 0.112 0.120 0.114 0.209 0.040 0.025 0.223 0.047 0.031 0.253 0.062 0.034
No. 5 0.125 0.133 0.127 0.236 0.047 0.031 0.252 0.055 0.040 0.300 0.079 0.045
No. 6 0.138 0.148 0.141 0.250 0.047 0.031 0.266 0.055 0.040 0.314 0.079 0.045
No. 8 0.164 0.174 0.167 0.293 0.055 0.040 0.307 0.062 0.047 0.375 0.096 0.057
No. 10 0.190 0.200 0.193 0.334 0.062 0.047 0.350 0.070 0.056 0.434 0.112 0.068
No. 12 0.216 0.227 0.220 0.377 0.070 0.056 0.391 0.077 0.063 0.497 0.130 0.080

1⁄4 0.250 0.260 0.252 0.487 0.109 0.062 0.489 0.110 0.077 0.533 0.132 0.084
5⁄16 0.3125 0.322 0.314 0.583 0.125 0.078 0.593 0.130 0.097 0.619 0.143 0.108
3⁄8 0.375 0.385 0.377 0.680 0.141 0.094 0.688 0.145 0.115 0.738 0.170 0.123
7⁄16 0.4375 0.450 0.440 0.776 0.156 0.109 0.784 0.160 0.133 0.836 0.186 0.143
1⁄2 0.500 0.512 0.502 0.869 0.171 0.125 0.879 0.176 0.151 0.935 0.204 0.162
9⁄16 0.5625 0.574 0.564 0.965 0.188 0.141 0.975 0.193 0.170 1.035 0.223 0.182
5⁄8 0.625 0.641 0.628 1.073 0.203 0.156 1.087 0.210 0.189 1.151 0.242 0.202
11⁄16 0.6875 0.704 0.691 1.170 0.219 0.172 1.186 0.227 0.207 1.252 0.260 0.221
3⁄4 0.750 0.766 0.753 1.265 0.234 0.188 1.285 0.244 0.226 1.355 0.279 0.241
13⁄16 0.8125 0.832 0.816 1.363 0.250 0.203 1.387 0.262 0.246 1.458 0.298 0.261
7⁄8 0.875 0.894 0.878 1.459 0.266 0.219 1.489 0.281 0.266 1.571 0.322 0.285
15⁄16 0.9375 0.958 0.941 1.556 0.281 0.234 1.590 0.298 0.284 1.684 0.345 0.308

1 1.000 1.024 1.003 1.656 0.297 0.250 1.700 0.319 0.306 1.794 0.366 0.330
11⁄16 1.0625 1.087 1.066 1.751 0.312 0.266 1.803 0.338 0.326 1.905 0.389 0.352

11⁄8 1.125 1.153 1.129 1.847 0.328 0.281 1.903 0.356 0.345 2.013 0.411 0.375

13⁄16 1.1875 1.217 1.192 1.943 0.344 0.297 2.001 0.373 0.364 2.107 0.431 0.396

11⁄4 1.250 1.280 1.254 2.036 0.359 0.312 2.104 0.393 0.384 2.222 0.452 0.417

15⁄16 1.3125 1.344 1.317 2.133 0.375 0.328 2.203 0.410 0.403 2.327 0.472 0.438

13⁄8 1.375 1.408 1.379 2.219 0.391 0.344 2.301 0.427 0.422 2.429 0.491 0.458

17⁄16 1.4375 1.472 1.442 2.324 0.406 0.359 2.396 0.442 0.440 2.530 0.509 0.478

11⁄2 1.500 1.534 1.504 2.419 0.422 0.375 2.491 0.458 0.458 2.627 0.526 0.496
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All dimensions are given in inches.*See ANSI/ASME B18.21.1-1999 standard for sizes over 11⁄2 to
3, inclusive, for regular and heavy helical spring lock washers and over 11⁄2 to 2, inclusive, for extra-
duty helical spring lock washers.

When carbon steel helical spring lock washers are to be hot-dipped galvanized for use
with hot-dipped galvanized bolts or screws, they are to be coiled to limits onto inch in
excess of those specified in Tables 2 and 1 for minimum inside diameter and maximum
outside diameter. Galvanizing washers under 1⁄4 inch nominal size are not recommended.

Tooth lock washers: These washers serve to lock fasteners, such as bolts and nuts, to the
component parts of an assembly, or increase the friction between the fasteners and the
assembly. They are designated in a manner similar to helical spring lock washers, and are
available in carbon steel. Dimensions are given in Tables 3 and 4.

Table 3. American National Standard Internal-External Tooth Lock Washers 
 ANSI/ASME B18.21.1-1999

All dimensions are given in inches.

Size

A B C

Size

A B C
Inside

Diameter
Outside

Diameter Thickness
Inside

Diameter
Outside

Diameter Thickness
Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.

No. 4
(0.112) 0.123 0.115

0.475 0.460 0.021 0.016
5⁄16

(0.312)
0.332 0.320

0.900 0.865 0.040 0.032

0.510 0.495 0.021 0.017 0.985 0.965 0.045 0.037
0.610 0.580 0.021 0.017 1.070 1.045 0.050 0.042

1.155 1.130 0.050 0.042

No. 6
(0.138) .150 .0141

0.510 0.495 0.028 0.023
0.610 0.580 0.028 0.023

3⁄8
(0.375)

0.398 0.384

.985 .965 0.045 0.037
0.690 0.670 0.028 0.023 1.070 1.045 0.050 0.042

1.155 1.130 0.050 0.042

No. 8
(0.164) 0.176 0.168

0.610 0.580 0.034 0.028 1.260 1.220 0.050 0.042
0.690 0.670 0.034 0.028
0.760 0.740 0.034 0.028

7⁄16

(0.438)
0.464 0.448

1.070 1.045 0.050 0.042
1.155 1.130 0.050 0.042

No. 10
(0.190) 0.204 0.195

0.610 0.580 0.034 0.028 1.260 1.220 0.055 0.047
0.690 0.670 0.040 0.032 1.315 1.290 0.055 0.047
0.760 0.740 0.040 0.032
0.900 0.880 0.040 0.032

1⁄2
(0.500)

0.530 0.512

1.260 1.220 0.055 0.047
1.315 1.290 0.055 0.047

No. 12
(0.216) 0.231 0.221

0.690 0.670 0.040 0.032 1.410 1.380 0.060 0.052
0.760 0.725 0.040 0.032 1.620 1.590 0.067 0.059
0.900 0.880 0.040 0.032
0.985 0.965 0.045 0.037

9⁄16

(0.562)
.596 .576

1.315 1.290 0.055 0.047
1.430 1.380 0.060 0.052

1⁄4
(0.250)

0.267 0.256

0.760 0.725 0.040 0.032 1.620 1.590 0.067 0.059
0.900 0.880 0.040 0.032 1.830 1.797 0.067 0.059
0.985 0.965 0.045 0.037
1.070 1.045 0.045 0.037

5⁄8
(0.625)

.663 .640

1.410 1.380 0.060 0.052
1.620 1.590 0.067 0.059
1.830 1.797 0.067 0.059
1.975 1.935 0.067 0.059
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Table 4. American National Standard Internal and External Tooth Lock Washers ANSI/ASME B18.21.1-1999

All dimensions are given in inches.

Internal Tooth External Tooth Countersunk External Tooth

Internal Tooth Lock Washers

Size #2 #3 #4 #5 #6 #8 #10 #12 1⁄4 5⁄16
3⁄8 7⁄16

1⁄2 9⁄16
5⁄8 11⁄16

3⁄4 13⁄16
7⁄8 1 11⁄8 11⁄4

A Max 0.095 0.109 0.123 0.136 0.150 0.176 0.204 0.231 0.267 0.332 0.398 0.464 0.530 0.596 0.663 0.728 0.795 0.861 0.927 1.060 1.192 1.325
Min 0.089 0.102 0.115 0.129 0.141 0.168 0.195 0.221 0.256 0.320 0.384 0.448 0.512 0.576 0.640 0.704 0.769 0.832 0.894 1.019 1.144 1.275

B Max 0.200 0.232 0.270 0.280 0.295 0.340 0.381 0.410 0.478 0.610 0.692 0.789 0.900 0.985 1.071 1.166 1.245 1.315 1.410 1.637 1.830 1.975
Min 0.175 0.215 0.245 0.255 0.275 0.325 0.365 0.394 0.460 0.594 0.670 0.740 0.867 0.957 1.045 1.130 1.220 1.290 1.364 1.590 1.799 1.921

C Max 0.016 0.016 0.018 0.020 0.022 0.023 0.024 0.027 0.028 0.034 0.040 0.040 0.045 0.045 0.050 0.050 0.055 0.055 0.060 0.067 0.067 0.067
Min 0.010 0.010 0.012 0.014 0.016 0.018 0.018 0.020 0.023 0.028 0.032 0.032 0.037 0.037 0.042 0.042 0.047 0.047 0.052 0.059 0.059 0.059

External Tooth Lock Washers

A Max … 0.109 0.123 0.136 0.150 0.176 0.204 0.231 0.267 0.332 0.398 0.464 0.530 0.596 0.663 0.728 0.795 0.861 0.927 1.060 … …
Min … 0.102 0.115 0.129 0.141 0.168 0.195 0.221 0.256 0.320 0.384 0.448 0.513 0.576 0.641 0.704 0.768 0.833 0.897 1.025 … …

B Max … 0.235 0.260 0.285 0.320 0.381 0.410 0.475 0.510 0.610 0.694 0.760 0.900 0.985 1.070 1.155 1.260 1.315 1.410 1.620 … …
Min … 0.220 0.245 0.270 0.305 0.365 0.395 0.460 0.494 0.588 0.670 0.740 0.880 0.960 1.045 1.130 1.220 1.290 1.380 1.590 … …

C Max … 0.016 0.018 0.020 0.022 0.023 0.024 0.027 0.028 0.034 0.040 0.040 0.045 0.045 0.050 0.050 0.055 0.055 0.060 0.067 … …
Min … 0.010 0.012 0.014 0.016 0.018 0.018 0.020 0.023 0.028 0.032 0.032 0.037 0.037 0.042 0.042 0.047 0.047 0.052 0.059 … …

Heavy Internal Tooth Lock Washers Countersunk External Tooth Lock Washersa

a Starting with #4, approx. O.D.'s are: 0.213, 0.289, 0.322, 0.354, 0.421 0.454, 0.505, 0.599, 0.765, 0.867, and 0.976. 

Size 1⁄4 5⁄6 3⁄8 7⁄16
1⁄2 9⁄16

5⁄8 3⁄4 7⁄8 Size #4 #6 #8 #10 #12 1⁄4 #16 5⁄16
3⁄8 7⁄16

1⁄2
A Max 0.267 0.332 0.398 0.464 0.530 0.596 0.663 0.795 0.927 A Max 0.123 0.150 0.177 0.205 0.231 0.267 0.287 0.333 0.398 0.463 0.529

Min 0.256 0.320 0.384 0.448 0.512 0.576 0.640 0.768 0.894 Min 0.113 0.140 0.167 0.195 0.220 0.255 0.273 0.318 0.383 0.448 0.512
B Max 0.536 0.607 0.748 0.858 0.924 1.034 1.135 1.265 1.447 C Max 0.019 0.021 0.021 0.025 0.025 0.025 0.028 0.028 0.034 0.045 0.045

Min 0.500 0.590 0.700 0.800 0.880 0.990 1.100 1.240 1.400 Min 0.015 0.017 0.017 0.020 0.020 0.020 0.023 0.023 0.028 0.037 0.037
C Max 0.045 0.050 0.050 0.067 0.067 0.067 0.067 0.084 0.084 D Max 0.065 0.092 0.099 0.105 0.128 0.128 0.147 0.192 0.255 0.270 0.304

Min 0.035 0.040 0.042 0.050 0.055 0.055 0.059 0.070 0.075 Min 0.050 0.082 0.083 0.088 0.118 0.113 0.137 0.165 0.242 0.260 0.294
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Fasteners for Use in Structural Applications

The ASME B18.2.6 standard covers the complete general and dimensional data for four
products in the inch series recognized as American National Standard. Heavy hex nut
thickness formulas and those for width across flats and width across corners are found in
the Appendix of ASME B 18.2.2. The inclusion of dimensional data in this standard is not
intended to imply that all products described herein are stock production sizes. Fasteners
intended for use in structural applications and purchased for government use shall conform
to this standard. All dimensions in ASME B18.2.6 are in inches unless stated otherwise,
and apply to unplated or uncoated product. 

Symbols specifying geometric characteristics are in accord with ASME Y14.5M,
Dimensioning and Tolerancing. Standards for chemical and mechanical requirements for
structural bolts are included in ASTM A 325 and ASTM A 490. Heavy hex nuts are
included in ASTM A 563. Hardened steel washers are included in ASTM F436, and com-
pressible washer type direct tension indicators in ASTM F 959.

Heavy Hex Structural Bolts.—Head Width Across Flats: The width across flats of
heads shall be the distance measured perpendicular to the axis of product, overall between
two opposite sides of the head in accordance with the notes in the dimensional table.

Head Height: The head height shall be that overall distance measured parallel to the axis
of the product from the top of the head to the bearing surface and shall include the thickness
of the washer face. Raised grade and manufacturer's identification are excluded from head
height.

Bolt Length: The bolt length shall be the distance measured parallel to the axis of the
product from the bearing surface of the head to the extreme end of the bolt including point.

Threads: Threads shall be cut or rolled in accordance with ASME B 1.1. When specified,
8 thread series may be used on bolts over 1 inch in diameter. Structural bolts shall not be
undersized to accommodate heavy coatings. Threads which have been hot-dipped or
mechanically zinc coated shall meet the requirements specified in ASTM A 325.

Body Diameter: The body diameter limits are shown in Table 5.

Finish: Unless otherwise specified, bolts shall be supplied with a plain (as processed)
finish. Bolts to ASTM A 490 shall not be metallic coated.

Materials: Chemical and mechanical properties of steel bolts shall conform to ASTM A
325 or ASTM A 490.

Workmanship: Bolts shall be free from burrs, seams, laps, loose scale, irregular surfaces,
and any defects affecting serviceability. When control of surface discontinuities is
required, the purchaser shall specify conformance to ASTM F 788/F 788M, surface dis-
continuities of bolts, screws, and studs, inch and metric series.

Designation: Heavy hex structural bolts shall be designated by the following data in the
sequence shown: product name, nominal size (fractional or decimal equivalent), threads
per inch, material (including specification and type where necessary), and protective finish
(if required). See example below:

Example:Heavy Hex Structural Bolt, 3⁄4-10 × 2 1⁄4, ASTM A 325, Type 1, hot dipped zinc
coated.

Identification Grade Symbols: Each bolt shall be marked in accordance with the require-
ments of the applicable specification; ASTM A 325 or ASTM A 490 and requirements of
Table 5, Note (13).
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Table 5. Dimensions of Heavy Hex Structural Bolts  ASME B18.2.6-1996

Nominal Size or Basic 
Product Diameter

Note (15)

Body Diameter, 
E

Note (5)

Width Across Flats 
F

Note (2)

Width Across
Corners

G
Head Height

H
Radius of Fillet

R

Thread 
Length

LT

Note (10)

Transition 
Thread
Length 

Y
Note (10)

Total Runout 
of Bearing 

Surface FIM 
Note (3)

[No a (15)] Max. Min. Basic Max. Min. Max. Min. Basic Max. Min. Max. Min. Ref. Max., Ref. Max.
1⁄2 0.5000 0.515 0.482 7⁄8 0.875 0.850 1.010 0.969 5⁄16 0.323 0.302 0.031 0.009 1.00 0.19 0.016
5⁄8 0.6250 0.642 0.605 11⁄16 1.062 1.031 1.227 1.175 25⁄64 0.403 0.378 0.062 0.021 1.25 0.22 0.019
3⁄4 0.7500 0.768 0.729 11⁄4 1.250 1.212 1.443 1.383 15⁄32 0.483 0.455 0.062 0.021 1.38 0.25 0.022
7⁄8 0.8750 0.895 0.852 17⁄16 1.438 1.394 1.660 1.589 35⁄64 0.563 0.531 0.062 0.031 1.50 0.28 0.025

1 1.0000 1.022 0.976 15⁄8 1.625 1.575 1.876 1.796 39⁄64 0.627 0.591 0.093 0.062 1.75 0.31 0.028

11⁄8 1.1250 1.149 1.098 113⁄16 1.812 1.756 2.093 2.002 11⁄16 0.718 0.658 0.093 0.062 2.00 0.34 0.032

11⁄4 1.2500 1.277 1.223 2 2.000 1.938 2.309 2.209 25⁄32 0.813 0.749 0.093 0.062 2.00 0.38 0.035

13⁄8 1.3750 1.404 1.345 23⁄16 2.188 2.119 2.526 2.416 27⁄32 0.878 0.810 0.093 0.062 2.25 0.44 0.038

11⁄2 1.5000 1.531 1.470 23⁄8 2.375 2.300 2.742 2.622 15⁄16 0.974 0.902 0.093 0.062 2.25 0.44 0.041

H

[Note (3)]

[Note (3)]

30 deg.
+ 0
–15

[Note (6)]

(Ref.)

A

A

Cut Thread

[Note (7)] MR

LT

E

LG

LB

Y (ref.)

L

H

[Note (3)]

[Note (3)]

30 deg.
+ 0
–15

[Note (6)]

(Ref.)

A

A

Rolled Thread

[Note (7)] MR

LT

G

F

E

LG

LB

Y (ref.)

L

[Note (4)] M A M
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(1) Top of Head: Top of head shall be full form and chamfered or rounded with the diameter of
chamfer circle or start of rounding being equal to the maximum width across flats within a tolerance
of minus 15%.

(2) Head Taper: Maximum width across flats shall not be exceeded. No transverse section through
the head between 25% and 75% of actual head height, as measured from the bearing surface, shall be
less than the minimum width across flats.

(3) Bearing Surface: Bearing surface shall be flat and washer faced. Diameter of washer face shall
be equal to the maximum width across flats within a tolerance of minus 10%.

Thickness of the washer face shall be not less than 0.015 inch nor greater than 0.025 inch for bolt
sizes 3⁄4 inch and smaller; and not less than 0.015 inch nor greater than 0.035 inch for sizes larger than
3⁄4 inch.

The plane of the bearing surface shall be perpendicular to the axis of the body within the FIM limits
specified for total runout. Measurement of FIM shall extend as close to the periphery of the bearing
surface as possible while the bolt is being held in a collet or other gripping device at a distance of one
bolt diameter from the underside of the head.

(4) True Position of Head: The axis of the head shall be located at true position with respect to the
axis of the body (determined over a distance under the head equal to one diameter) within a tolerance
zone having a diameter equivalent to 6% of the maximum width across flats at maximum material
condition.

(5) Body Diameter: Any swell or fin under the head or any die seam on the body should not exceed
the basic bolt diameter by the following: 0.030 in, for sizes 1⁄2 inch; 0.050 inch for sizes 5⁄8 and 3⁄4 inch;
0.060 inch for sizes over 3⁄4 inch to 11⁄4 inch;  0.090 inch for sizes over 11⁄4 inch.

(6) Point: Point shall be chamfered or rounded at the manufacturer's option from approximately
0.016 inch below the minor diameter of the thread. The first full formed thread at major diameter is
located a distance no greater than 2 times the pitch measured from the end of the screw. This distance
is to be determined by measuring how far the point enters into a cylindrical NOT GO major diameter
ring gage.

(7) Straightness: Shanks of bolts shall be straight within the following limits at MMC; for bolts
with nominal lengths to and including 12 inches the maximum camber shall be 0.006 inch per inch
(0.006L) of bolt length, and for bolts with nominal lengths over 12 inches to and including 24 inches
the maximum camber shall be 0.008 inch per inch (0.008L) of length. 

(8) Bolt Length: Bolts are normally supplied in 1⁄4 inch length increments, all lengths.
(9) Length Tolerance: Bolt length tolerances shall be as tabulated below:

(10) Thread Length: The length of thread on bolts shall be controlled by the grip gaging length, LG,
max., and the body length, LB, min., as follows.

Grip gaging length, LG, max., is the distance measured parallel to the axis of bolt from the under-
head bearing surface to the face of a noncounterbored or noncountersunk standard G0 thread ring
gage assembled by hand as far as the thread will permit. It shall be used as the criterion for inspection.
The maximum grip gaging length, as calculated and rounded to two decimal places for any bolt not
threaded full length, shall be equal to the nominal bolt length minus the basic thread length (LG, max.
= Lnom. − LT). For bolts which are threaded full length, LG, max. defines the unthreaded length under
the head and shall not exceed the length of 2.5 times the thread pitch for sizes up to and including 1
inch, and 3.5 times the thread pitch for sizes larger than I inch, LG, max. represents the minimum
design grip length of the bolt and may be used for determining thread availability when selecting bolt
lengths even though usable threads may extend beyond this point.

Basic thread length, LT, is a reference dimension, intended for calculation purposes only, which
represents the distance from the extreme end of the bolt to the last complete (full form) thread.

Body length, LB, min., is the distance measured parallel to the axis of bolt from the underhead bear-
ing surface to the last scratch of thread or to the top of the extrusion angle. It shall be used as a crite-
rion for inspection. The minimum body length, as calculated and rounded to two decimal places,
shall be equal to the maximum grip gaging length minus the maximum transition thread length

Nominal Bolt Size 1⁄2 5⁄8 3⁄4 through 1 11⁄8 through 11⁄2
Nominal Bolt Length Tolerance of Length

Through 6 inches −0.12 −0.12 −0.19 −0.25

Over 6 inches −0.19 −0.25 −0.25 −0.25
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(LB, min = LG, max − Ymax.). Bolts of nominal lengths which have a calculated LB, min length equal to or
shorter than 2.5 times the thread pitch for sizes 1 inch and smaller, and 3.5 times the thread pitch for
sizes larger than 1 inch shall be threaded for full length.

Transition thread length Y is a reference dimension, intended for calculation purposes only, which
represents the length of incomplete threads and tolerance on grip gaging length.

(11) Incomplete Thread Diameter: The major diameter of incomplete thread shall not exceed the
actual major diameter of the full form thread.

(12) Threads: Threads, when rolled, shall be in the unified inch coarse or 8 thread series (UNRC or
8 UNR Series), Class 2A. Threads produced by other methods may be Unified Inch coarse or 8 thread
series (UNC or 8 UN Series), Class 2A. Acceptability of screw threads shall be determined based on
System 21, ASME B1.3M, screw thread gaging systems for dimensional acceptability, unless other-
wise specified.

(13) Identification Symbols: Identification marking symbols on the tops of heads for bolt sizes 5⁄8
inch and smaller shall project not less than 0.005 inch above the surface nor more than 0.015 inch
over the specified maximum head height. Bolt sizes larger than 5⁄8 inch shall project not less than the
equivalent in inches of 0.0075 times the basic bolt diameter above the surface nor more than 0.030
inch over the specified maximum head height.

(14) Material. Chemical and mechanical properties of steel bolts shall conform to ASTM A 325 or
ASTM A 490.

(15) Nominal Size. Where specifying nominal size in decimals, zeros preceding the decimal and in
the fourth decimal place shall be omitted.

(16) Dimensional Conformance. Heavy hex structural bolts shall have the following characteris-
tics inspected to ASME B18.18.2M to the inspection level C: threads, width across comers, head
height, grip length, visual.

If verifiable in-process inspection is used, see Dimensional Characteristics on page 1480.

Identification Source Symbols: Each bolt shall be marked to identify its source (manu-
facturer, or private label distributor) accepting the responsibility for conformance to this
and other applicable specifications.

Quality Assurance: Unless otherwise specified, products shall be furnished in accor-
dance with ASME B18.18.1M and ASME B 18.18.2M as noted as below.

Dimensional Characteristics: Bolts shall conform to the dimensions indicated in Table
5. The designated characteristics defined in Table 5, Note (16) shall be inspected in accor-
dance with ASME B 18.18.2M. For nondesignated characteristics, the provisions of
ASME B18.18.IM shall apply. Should a nondesignated dimension be determined to have a
variance, it shall be deemed conforming to this Standard if the user, who is the installer,
accepts the variance based on fit, form, and function considerations. Where verifiable in
process inspection is used in accordance with ASME B 18.18.3M or ASME B 18.18.4M,
the final inspection level sample sizes of those respective standards shall apply.
Heavy Hex Nuts.—Width Across Flats: The width across flats of heavy hex nuts shall be
the overall distance measured, perpendicular to the axis of the nut, between two opposite
sides of the nut in accordance with the notes of Table 6. For milled-from-bar hex nuts, the
nominal bar size used shall be the closest commercially available size to the specified basic
width across flats of the nut.
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Table 6. Dimensions of Heavy Hex Nuts for Use
with Structural Bolts  ASME B18.2.6-1996

Note: Complete table included in B 18.2.2 Square and Hex Nuts (Inch Series)
(1) Unification: Only the 9⁄16 size is not unified dimensionally with British and Canadian standards.

Unification of fine thread products is limited to sizes 1 inch and under.
(2) Tops and Bearing Surfaces of Nuts: Nuts may be double chamfered or have washer faced bear-

ing surface and chamfered top.
The diameter of chamfer circle on double chamfered nuts and diameter of washer face shall be

within the limits of the maximum width across flats and 95% of the minimum width across flats.
The tops of washer faced nuts shall be flat and the diameter of chamfer circle shall be equal to the

maximum width across flats within a tolerance of −15%. The length of chamfer at hex corners shall
be 5% to 15% of the basic thread diameter.The surface of chamfer may be slightly convex or
rounded.

Bearing surfaces shall be flat and, unless otherwise specified, shall be perpendicular to the axis of
the threaded hole within the total runout (FIM) tabulated for the respective nut size, type, and
strength level.

(3) True Position of Tapped Hole: At maximum material condition, the axis of nut body shall be
located at true position with respect to the axis of the tapped hole within a tolerance zone having a
diameter equivalent to 4% of the maximum width across flats for 11⁄2 inch nominal size nuts or
smaller.

(4) Countersink: Tapped hole shall be countersunk on the bearing face or faces. The maximum
countersink diameter shall be 1.08 times the thread basic (nominal) major diameter. No part of the
threaded portion shall project beyond the bearing surface.

(5) Corner Fill: A rounding or lack of fill at junction of hex corners with chamfer shall be permis-
sible provided the width across corners is within specified limits at and beyond a distance equal to
17.5% of the basic thread diameter from the chamfered faces.

F G H
Runout of Bearing Face 

FIM

Nominal Size or 
Basic Product 

Diameter

Width Across Flats Width Across Corners Thickness

Heavy Hex Nuts

Specified Proof Load

Basic Max. Min. Max. Min. Basic Max. Min.
Up to 

150,000 psi 
150,000 psi 
and Greater

[Note (1)] [Note (6)] [Note (5)] [Note (2)]
1⁄2 0.5000 7⁄8 0.875 0.850 1.010 0.969 31⁄64 0.504 0.464 0.023 0.016
5⁄8 0.6250 11⁄16 1.062 1.031 1.227 1.175 39⁄64 0.631 0.587 0.025 0.018
3⁄4 0.7500 11⁄4 1.250 1.212 1.443 1.382 47⁄64 0.758 0.710 0.027 0.020
7⁄8 0.8750 17⁄16 1.438 1.394 1.660 1.589 55⁄64 0.885 0.833 0.029 0.022

1 1.0000 15⁄8 1.625 1.575 1.876 1.796 63⁄64 1.012 0.956 0.031 0.024

11⁄8 1.1250 113⁄16 1.812 1.756 2.093 2.002 17⁄64 1.139 1.079 0.033 0.027

11⁄4 1.2500 2 2.000 1.938 2.309 2.209 17⁄32 1.215 1.187 0.035 0.030

13⁄8 1.3750 23⁄16 2.188 2.119 2.526 2.416 111⁄32 1.378 1.310 0.038 0.033

11⁄2 1.5000 23⁄8 2.375 2.300 2.742 2.622 115⁄32 1.505 1.433 0.041 0.036

A

[Note (2)] A

[Note (2)] A

G

F
H

[Note (2)]

H

M A M[Note (3)]
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1482 FASTENERS FOR STRUCTURAL APPLICATIONS

(6) Width Across Flats: Maximum width across flats shall not be exceeded (see exception in Width
Across Flats). No transverse section through the nut between 25% and 75% of the actual nut thick-
ness, as measured from the bearing surface, shall be less than the minimum width across flats. For
milled-from-bar nuts, Width Across Flats, pertaining to the nominal bar size to be used.

(7) Threads: Threads shall be UNC or 8 UN Class 2B in accordance with ASME B1.1, Unified Inch
Screw Threads. When specified, 8 thread series may be used on nuts over 1 inch in diameter.

(8) Dimensional Conformance: Heavy hex nuts shall have the following characteristics inspected
to ASME B 18.18.2M to the inspection levels as follows: Width across corners, inspection level C;
Thickness, inspection level B; Visual, inspection level C.

If verifiable in-process inspection is used, see Dimensional Characteristics on page 1482.

Nut Thickness: The nut thickness shall be the overall distance measured parallel to the
axis of nut, from the top of the nut to the bearing surface, and shall include the thickness of
the washer face where provided.

Threads: Threads shall be in accordance with Table 6, Note (7).

Thread Gaging: Unless otherwise specified by the purchaser, gaging for screw thread
dimensional acceptability shall be in accordance with Gaging System 21 as specified in
ASME B1.3M Screw Thread Gaging Systems for Dimensional Acceptability-Inch and
Metric Screw Threads (UN, UNR, UNJ, M, and MJ).

Overtapping: When nuts are zinc coated, they shall be overtapped after coating in accor-
dance with the provisions of ASTM A 563.

Finish: Unless otherwise specified, nuts shall be supplied with a plain (as-processed) fin-
ish, unplated or uncoated.

Materials: Chemical and mechanical properties of heavy hex nuts shall conform to
ASTM A 563.

Workmanship: Nuts shall be free from burrs, seams, laps, loose scale, irregular surfaces,
and any defects affecting their serviceability. When control of surface discontinuities is
required, the purchaser shall specify conformance to ASTM F 812/F 812M, Surface Dis-
continuities of Nuts-Inch and Metric Series.

Designation: Nuts shall be designated by the following data in sequence shown: product
name, nominal size (fraction or decimal), threads per inch, material (including specifica-
tion.where necessary), protective finish (if required). See example below:

Example:Heavy Hex Nut, 1⁄2-13, ASTM A 563 Grade C, Plain Finish

Identification Grade Symbols: Each nut shall be marked in accordance with the require-
ments of the applicable specification: ASTM A 563 or ASTM A 194.

Identification Source Symbols: Each nut shall be marked to identify its source (manufac-
turer, or private label distributor) accepting the responsibility for conformance to this and
other applicable specifications.

Quality Assurance: Unless otherwise specified, products shall be furnished in accor-
dance with ASME B18.18.1M and ASME B 18.18.2M as noted in Dimensional Charac-
teristics.

Dimensional Characteristics: Products shall conform to the dimensions indicated for
the heavy hex nut in Table 6. The designated characteristics defined in Table 6, Note (8)
shall be inspected in accordance with ASME B 18.18.2M. For nondesignated char-
acteristics, the provision of B18.18.1M shall apply. Should a nondesignated dimension be
determined to have a variance, it shall be deemed conforming to this Standard if the user,
who is the installer, accepts the variance based on fit, form, and function considerations.
Where verifiable inprocess inspection is used in accordance with ASME B 18.18.3M or
ASME B 18.18.4M, the final inspection level sample sizes of those respective standards
shall apply.
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Hardened Steel Washers

Flat Washers.—Flat Washers Dimensions: All circular and circular clipped washers
shall conform to the dimensions shown in Table 7.

Table 7. Dimensions for Hardened Steel Circular
and Circular Clipped Washers  ASME B18.2.6-1996

General Notes:
(1) Dimensional Conformance: Circular and circular clipped washers shall have the following

characteristics inspected to ASME B18.18.2M to the inspection levels as follows: Width across cor-
ners, inspection level B; Visual, inspection level C.

If verifiable in-process inspection is used, see Dimensional Characteristics on page 1484.
(2) Nominal washer sizes are intended for use with comparable nominal bolt diameters. 
(3) Additional requirements are in Beveled Washers on page 1484.

Flat Washers Tolerances: Washer inside diameter, outside diameter, thickness, and
edge distance shall be in accordance with Table 7. The deviation from flatness shall not
exceed 0.010 inch as the maximum deviation from a straight edge placed on the cut side.
Circular runout of the outside diameter with respect to the hole shall not exceed 0.030 FIM.
Burrs shall not project above immediately adjacent washer surface more than 0.010 inch.

Bolt Size or 
Nominala

Washer Size, 
Inch

a Nominal washer sizes are intended for use with comparable nominal bolt diameters. 

Inside Diameter
A

Outside Diameter
B

Thickness
C Minimum

Edge
Distance

E
Basic

Washer
Tolerance

Basic
Tolerance

Plus Minus Plus Minus Min. Max.
1⁄2 0.531 0.0313 0 1.063 0.0313 0.0313 0.097 0.177 0.438
5⁄8 0.688 0.0313 0 1.313 0.0313 0.0313 0.122 0.177 0.547
3⁄4 0.813 0.0313 0 1.469 0.0313 0.0313 0.122 0.177 0.656
7⁄8 0.938 0.0313 0 1.750 0.0313 0.0313 0.136 0.177 0.766
1 1.125 0.0313 0 2.000 0.0313 0.0313 0.136 0.177 0.875

11⁄8 1.250 0.0313 0 2.250 0.0313 0.0313 0.136 0.177 0.984

11⁄4 1.375 0.0313 0 2.500 0.0313 0.0313 0.136 0.177 1.094

13⁄8 1.500 0.0313 0 2.750 0.0313 0.0313 0.136 0.177 1.203

11⁄2 1.625 0.0313 0 3.000 0.0313 0.0313 0.136 0.177 1.313

ECA

B

A

TOLERANCES

CIRCULAR

TOLERANCES A

CLIPPED CIRCULAR
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1484 FASTENERS FOR STRUCTURAL APPLICATIONS

Finish: Unless otherwise specified, washers shall be supplied with a plain (as processed)
finish. If zinc coatings are required, they shall be in accordance with ASTM F 436.

Materials: Materials shall conform to the requirements established by ASTM F 436.

Workmanship: Washers shall be free from burrs, seams, laps, loose scale, irregular sur-
faces, and any defects affecting serviceability.

Designation: Washers shall be designated by the following data in the sequence shown:
product name, nominal size (fraction or decimal), material specification, protective finish.
See example below:

Example:Hardened Steel Circular Washer, 11⁄8 ASTM F 436, Hot-Dip Galvanized in
Accordance with ASTM A 153 Class C.

Identification Symbols: Grade and source marking and symbols shall conform to the
requirements of ASTM F 436. The source marking is intended to identify the source
accepting the responsibility for the conformance to this and other applicable specifica-
tions.

Quality Assurance: Unless otherwise specified, products shall be furnished in accor-
dance with ASME B 18.18. M and ASME B 18.18.2M as noted in Dimensional Character-
istics.

Dimensional Characteristics: Washers shall conform to the dimensions indicated in
Table 7. The designated characteristics defined in Table 7, Note (1) shall be inspected in
accordance with ASME B 18.18.2M. For nondesignated characteristics, the provisions of
ASME B 18.18. 1M shall apply. Should a nondesignated dimension be determined to have
a variance, it shall be deemed conforming to this Standard if the user, who is the installer,
accepts the variance based on fit, form, and function considerations. Where verifiable in-
process inspection is used in accordance with ASME B18.18.3M or ASME B 18.18.4M,
the final inspection level sample sizes of those respective standards shall apply.

Beveled Washers.—Dimensions: All square beveled and clipped square beveled washers
shall conform to the dimensions shown in Table 8.

Tolerances: Tolerances for inside diameter for beveled washers shall be in accordance
with Table 8. The flatness shall not exceed 0.010 inch as the maximum deviation from a
straight edge placed on the cut side. Burrs shall not project above immediately adjacent
washer surface more than 0.010 inch.

Finish: Unless otherwise specified, washers shall be supplied with a plain (as-processed)
finish. If zinc coatings are required, they shall be in accordance with ASTM F 436.

Materials and Mechanical Properties: Materials and properties shall conform to the
requirements established by ASTM F 436.

Workmanship: Washers shall be free from burrs, seams, laps, loose scale, irregular sur-
faces, and any defects affecting serviceability.

Designation: Washers shall be designated by the following data in the sequence shown:
product name, nominal washer size (fraction or decimal), material specification, protec-
tive finish. See example below:

Example:Square Beveled Washer, 1 1⁄4 ASTM F 436, hot-dip galvanized in accordance
with ASTM A 153 Class C.
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General notes for Table 8:
(1) Dimensional Conformance: Beveled washers shall have the following characteristics inspected

to ASME B18.18.2M to the inspection levels as follows: Width across corners, inspection level B;
Visual, inspection level C.

If verifiable in-process inspection is used, see Dimensional Characteristics on page 1485.
(2) Nonclipped washers may be rectangular providing neither side dimension is less than L.
(3) Nominal washer sizes are intended for use with comparable nominal bolt diameters. 
(4) Additional requirements are in Beveled Washers on page 1484.

Identification Symbols: Grade and source marking and symbols shall conform to the
requirements of ASTM F 436. The source marking is intended to identify the source
accepting the responsibility for conformance to this and other applicable specifications.

Quality Assurance: Unless otherwise specified, products shall be furnished in accor-
dance with ASME B 18.18. M and ASME B 18.18.2M as noted in Dimensional Character-
istics on page 1485.

Dimensional Characteristics: Washers shall conform to the dimensions specified in
Table 8. The designated characteristics defined in Table 8, Note (1) shall be inspected in
accordance with ASME B 18.18.2M. For nondesignated characteristics, the provisions of
ASME B18.18.1M shall apply. Should a nondesignated dimension be determined to have
a variance, it shall be deemed conforming to this Standard if the user, who is the installer,

Table 8. Dimensions for Hardened Beveled Washers with Slope or 
Taper in Thickness 1:6  ASME B18.2.6-1996

Nominal
 Washer Size
 [Note (3)]

Inside Diameter A Minimum
Side

Length
L

Thickness
T

Minimum
Edge

Distance
EBasic

Tolerance

Plus Minus
1⁄2 0.500 0.531 0.0313 0 1.750 0.313 0.438
5⁄8 0.625 0.688 0.0313 0 1.750 0.313 0.547
3⁄4 0.750 0.813 0.0313 0 1.750 0.313 0.656
7⁄8 0.875 0.938 0.0313 0 1.750 0.313 0.766

1 1.000 1.125 0.0313 0 1.750 0.313 0.875

11⁄8 1.125 1.250 0.0313 0 2.250 0.313 0.984

11⁄4 1.250 1.375 0.0313 0 2.250 0.313 1.094

13⁄8 1.375 1.500 0.0313 0 2.250 0.313 1.203

11⁄2 1.500 1.625 0.0313 0 2.250 0.313 1.313

Square Beveled

T

LA

L

TOLERANCES

T

TOLERANCES

Clipped Square Beveled
L

AL
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1486 FASTENERS FOR STRUCTURAL APPLICATIONS

accepts the variance based on fit, form, and function considerations. Where verifiable in-
process inspection is used in accordance with ASME B 18.18.3M or B 18.18.4M, the final
inspection level sample sizes of these respective standards shall apply.

Compressible Washer-type Direct Tension Indicators.—Dimensions: The  d imen-
sions for the two washer types of direct tension indicators, Type A 325 and A 490, shall be
in accordance with Table 9.

Finish: Unless otherwise specified, direct tension indicators shall be supplied with a
plain (as-processed) finish, tinplated, or uncoated. If zinc coatings are required, they shall
be in accordance with ASTM F 959.

Materials and Performance: Direct tension indicators shall conform to the requirements
of ASTM F 959.

Workmanship: The workmanship shall be smooth and free of burrs, laps, seams, excess
mill scale, and foreign material on bearing surfaces or in protrusion welds, or other defects
which would make them unsuitable for intended application.

Designation: Compressible washer-type direct tension indicators shall be designated by
the following data in the sequence shown: product name, nominal size (fractional or deci-
mal equivalent), type (325 or 490), finish (plain, zinc, or epoxy). See example below:

Example:DTI,  1⁄2 Type 325, Plain Finish

Identification Symbols: Grade and source marking and symbols shall conform to the
requirements of ASTM F 959.

Lot Number: Each direct tension indicator shall be marked with a lot number in accor-
dance with ASTM F 959.

Quality Assurance: Unless otherwise specified, products shall be furnished in accor-
dance with ASME B18.18.1M and ASME B 18.18.2M as noted in Dimensional Charac-
teristics.

Dimensional Characteristics: Direct tension indicators shall conform to the dimensions
indicated in Table 9. The designated characteristics defined in Table 9, Note (1) shall be
inspected in accordance with ASME B 18.18.2M. For nondesignated characteristics, the
provisions of ASME B18.18.1M shall apply. Should a nondesignated dimension be deter-
mined to have a variance, it shall be deemed conforming to this Standard if the user, who is
the installer, accepts the variance based on fit, form, and function considerations. Where
verifiable in-process inspection is used in accordance with ASME B 18.18.3M or B
18.18.4M, the final inspection level sample sizes of these respective standards shall apply.

Fig. 3. Compressible Washer Dimensions

A B C
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Table 9. Dimensions for Compressible Washer-Type Direct Tension Indicators  ASME B18.2.6-1996

General Notes:
(1) Dimensional Conformance: Direct tension indicators shall have the following characteristics inspected to ASME B18.18.2M to the inspection levels as follows:

Inside diameter and Width across corners, inspection level B; Visual, inspection level C.
If verifiable in-process inspection is used, Dimensional Characteristics on page 1485.
(2) Nonclipped washers may be rectangular providing neither side dimension is less than L.
(3) Nominal washer sizes are intended for use with comparable nominal bolt diameters. 
(4) Additional requirements are in Compressible Washer-type Direct Tension Indicators on page 1486.

All Types Type A 325 Type A 490

Bolt
Size,
inch

Inside
Diameter,

inch

Protrusion
Tangential 
Diameter,

inch
B, Max.

Outside
Diameter,

inch
C

Number of 
Protrusions

(Equally
Spaced)

Thickness, inch
Outside

Diameter, 
inch

Number of 
Protrusions

(Equally
Spaced)

Thickness, inch

Without
Protrusion-

Min.

With
Protrusion-

Max.

Without
Protrusion

Min.

With
Protrusion

Max.Min. Max. Min. Max. Min. Max.
1⁄2 0.523 0.527 0.788 1.167 1.187 4 0.104 0.180 1.355 1.375 5 0.104 0.180
5⁄8 0.654 0.658 0.956 1.355 1.375 4 0.126 0.220 1.605 1.625 5 0.126 0.220
3⁄4 0.786 0.790 1.125 1.605 1.825 5 0.126 0.230 1.730 1.750 6 0.142 0.240
7⁄8 0.917 0.921 1.294 1.855 1.875 5 0.142 0.240 1.980 2.000 6 0.158 0.260
1 1.048 1.052 1.463 1.980 2.000 6 0.158 0.270 2.230 2.250 7 0.158 0.270

11⁄8 1.179 1.183 1.631 2.230 2.250 6 0.158 0.270 2.480 2.500 7 0.158 0.280

11⁄4 1.311 1.315 1.800 2.480 2.600 7 0.158 0.270 2.730 2.750 8 0.158 0.280

13⁄8 1.442 1.446 1.969 2.730 2.750 7 0.158 0.270 2.980 3.000 8 0.158 0.280

11⁄2 1.573 1.577 2.138 2.980 3.000 8 0.158 0.270 3.230 3.260 9 0.158 0.280
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METRIC THREADED FASTENERS

A number of American National Standards covering metric bolts, screws, nuts, and
washers have been established in cooperation with the Department of Defense in such a
way that they could be used by the Government for procurement purposes. Extensive
information concerning these metric fasteners is given in the following text and tables, but
for additional manufacturing and acceptance specifications reference should be made to
the respective Standards which may be obtained by nongovernmental agencies from the
American National Standards Institute, 25 West 43rd Street, New York, N.Y. 10036.
These Standards are:

Manufacturers should be consulted concerning items and sizes in stock production.

Comparison with ISO Standards.—American National Standards for metric bolts,
screws and nuts have been coordinated to the extent possible with the comparable ISO
Standards or proposed Standards. The dimensional differences between the ANSI and the
comparable ISO Standards or proposed Standards are few, relatively minor, and none will
affect the functional interchangeability of bolts, screws, and nuts manufactured to the
requirements of either.

Where no comparable ISO Standard had been developed, as was the case when the ANSI
Standards for Metric Heavy Hex Screws, Metric Heavy Hex Bolts, and Metric Hex Lag
Screws were adopted, nominal diameters, thread pitches, body diameters, widths across
flats, head heights, thread lengths, thread dimensions, and nominal lengths are in accord
with ISO Standards for related hex head screws and bolts. At the time of ANSI adoption
(1982) there was no ISO Standard for round head square neck bolts.

The following functional characteristics of hex head screws and bolts are in agreement
between the respective ANSI Standard and the comparable ISO Standard or proposed
Standard: diameters and thread pitches, body diameters, widths across flats (see exception
below), bearing surface diameters (except for metric hex bolts), flange diameters (for met-
ric hex flange screws), head heights, thread lengths, thread dimensions, and nominal
lengths.

ANSI B18.2.3.1M-1999 Metric Hex Cap Screws Table 1
ANSI B18.2.3.2M-1979 (R1995) Metric Formed Hex Screws Table 2
ANSI B18.2.3.3M-1979 (R2001) Metric Heavy Hex Screws Table 3
ANSI B18.2.3.8M-1981 (R1999) Metric Hex Lag Screws Table 5
ANSI B18.3.3M-1986, (R2002) Metric Socket Hd. Shldr. Screws Table 6a
ANSI B18.2.3.9M-1984 Metric Heavy Hex Flange Screws Table 7
ANSI B18.2.3.4M-2001 Metric Hex Flange Screws Table 8
ANSI B18.5.2.2M-1982 (R2000)Metric Round Head Square Neck Bolts Table 10
ANSI B18.2.3.6M-1979 (R2001) Metric Heavy Hex Bolts Table 11
ANSI B18.2.3.7M-1979 (R2001) Metric Heavy Hex Structural Bolts Table 12
ANSI B18.2.3.5M-1979 (R2001) Metric Hex Bolts Table 13
ANSI B18.3.1M-1986 (R2002) Socket Head Cap Screws (Metric Series) Table 21
ANSI B18.2.4.1M-2002 Metric Hex Nuts, Style 1 Table 25
ANSI B18.2.4.2M-2005 Metric Hex Nuts, Style 2 Table 25
ANSI B18.2.4.3M-1979 (R2001) Metric Slotted Hex Nuts Table 24
ANSI B18.2.4.4M-1982 (R1999) Metric Hex Flange Nuts Table 26
ANSI B18.16.3M-1998 Prevailing-Torque Metric Hex Nuts Table 29
ANSI B18.16.3M-1998 Prevailing-Torque Metric Hex Flange Nuts Table 27
ANSI B18.2.4.5M-1979 (R2003) Metric Hex Jam Nuts Table 28
ANSI B18.2.4.6M-1979 (R2003) Metric Heavy Hex Nuts Table 28
ANSI B18.22M-1981 (R2000) Metric Plain Washers Table 30
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Table 1. American National Standard Metric Hex Cap Screws
 ANSI/ASME B18.2.3.1M-1999

All dimensions are in millimeters. 

Basic thread lengths, B, are the same as given in Table 13.

Transition thread length, X, includes the length of incomplete threads and tolerances on grip gaging
length and body length. It is intended for calculation purposes.

For additional manufacturing and acceptance specifications, reference should be made to the
ANSI/ASME B18.2.3.1M-1999.

Nominal
Screw 

Diameter,
D

and
Thread Pitch

Body Diameter
Ds

Width
Across Flats, 

S

Width Across
Corners,

E
Head Height, 

K W
re

nc
hi

ng
H

ei
gh

t, 
K

1

Washer 
Face

Thick., C W
as

he
r 

Fa
ce

D
ia

.,
D

w

Max Min Max Min Max Min Max Min Min Max Min Min

M5 × 0.8 5.00 4.82 8.00 7.78 9.24 8.79 3.65 3.35 2.4 0.5 0.2 7.0

M6 × 1 6.00 5.82 10.00 9.78 11.55 11.05 4.15 3.85 2.8 0.5 0.2 8.9

M8 × 1.25 8.00 7.78 13.00 12.73 15.01 14.38 5.50 5.10 3.7 0.6 0.3 11.6

aM10 × 1.5

a This size with width across flats of 15 mm is not standard. M10 screws with 15 mm width across
flats are commonly produced in USA and other countries. The width across flats for all M10’s should
be specified.All sizes except the following are included in ISO 4014 and ISO 4017:M10 × 1.5with 15
mm width across flats, and M72 thru M100. 

10.00 9.78 15.00 14.73 17.32 16.64 6.63 6.17 4.5 0.6 0.3 13.6

M10 × 1.5 10.00 9.78 16.00 15.73 18.48 17.77 6.63 6.17 4.5 0.6 0.3 14.6

M12 × 1.75 12.00 11.73 18.00 17.73 20.78 20.03 7.76 7.24 5.2 0.6 0.3 16.6

M14 × 2 14.00 13.73 21.00 20.67 24.25 23.35 9.09 8.51 6.2 0.6 0.3 19.6

M16 × 2 16.00 15.73 24.00 23.67 27.71 26.75 10.32 9.68 7.0 0.8 0.4 22.49

M20 × 2.5 20.00 19.67 30.00 29.16 34.64 32.95 12.88 12.12 8.8 0.8 0.4 27.7

M24 × 3 24.00 23.67 36.00 35.00 41.57 39.55 15.44 14.56 10.5 0.8 0.4 33.2

M30 × 3.5 30.00 29.67 46.00 45.00 53.12 50.85 19.48 17.92 13.1 0.8 0.4 42.7

M36 × 4 36.00 35.61 55.00 53.80 63.51 60.79 23.38 21.62 15.8 0.8 0.4 51.1

M42 × 4.5 42.00 41.38 65.00 62.90 75.06 71.71 26.97 25.03 18.2 1.0 0.5 59.8

M48 × 5 48.00 47.38 75.00 72.60 86.60 82.76 31.07 28.93 21.0 1.0 0.5 69.0

M56 × 5.5 56.00 55.26 85.00 82.20 98.15 93.71 36.20 33.80 24.5 1.0 0.5 78.1

M64 × 6 64.00 63.26 95.00 91.80 109.70 104.65 41.32 38.68 28.0 1.0 0.5 87.2

M72 × 6 72.00 71.26 105.00 101.40 121.24 115.60 46.45 43.55 31.5 1.2 0.6 96.3

M80 × 6 80.00 79.26 115.00 111.00 132.72 126.54 51.58 48.42 35.0 1.2 0.6 105.4

M90 × 6 90.00 89.13 130.00 125.50 150.11 143.07 57.75 54.26 39.2 1.2 0.6 119.2

M100 × 6 100.00 99.13 145.00 140.00 167.43 159.60 63.90 60.10 43.4 1.2 0.6 133.0
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1490 METRIC SCREWS AND BOLTS

Table 2. American National Standard Metric Formed Hex Screws
 ANSI/ASME B18.2.3.2M-1979 (R1995)

All dimensions are in millimeters.
†Basic thread lengths, B, are the same as given in Table 13.
‡Transition thread length, X, includes the length of incomplete threads and tolerances on the grip

gaging length and body length. It is intended for calculation purposes.
For additional manufacturing and acceptance specifications, reference should be made to the Stan-

dard.

Socket head cap screws ANSI B18.3.1M-1986 (R2002) are functionally interchangeable
with screws which conform to ISO R861-1968 or ISO 4762-1977. However, the thread
lengths specified in the ANSI Standard are equal to or longer than required by either ISO
Standard. Consequently the grip lengths also vary on screws where the North American
thread length practice differs. Minor variations in head diameter, head height, key engage-
ment and wall thickness are due to diverse tolerancing practice and will be found docu-
mented in the ANSI Standard.

One exception with respect to width across flats for metric hex cap screws, formed hex
screws, and hex bolts is the M10 size. These are currently being produced in the United
States with a width across flats of 15 mm. This size, however, is not an ISO Standard.
Unless these M10 screws and bolts with 15 mm width across flats are specifically ordered,
the M10 size with 16 mm across flats will be furnished.

Nominal
Screw
Dia.,
D,
and

Thread
Pitch

Body
Dia.,
Ds

Width
Across
Flats,

S

Width
Across

Corners,
E

Head
Height,

K

Wren
ching
Heig
ht, K1

Washer
Face

Thick.,
C

Wash
er

Face 
Dia.,
Dw

Max Min Max Min Max Min Max Min Min Max Min Max

M5 × 0.8 5.00 4.82 8.00 7.64 9.24 8.56 3.65 3.35 2.4 0.5 0.2 6.9

M6 × 1 6.00 5.82 10.00 9.64 11.55 10.80 4.15 3.85 2.0 0.5 0.2 8.9

M8 × 1.25 8.00 7.78 13.00 12.57 15.01 14.08 5.50 5.10 3.7 0.6 0.3 11.6
aM10 × 1.5

a This size with width across flats of 15 mm is not standard. Unless specifically ordered, M10 formed
hex screws with 16 mm width across flats will be furnished. 

10.00 9.78 15.00 14.57 17.32 16.32 6.63 6.17 4.5 0.6 0.3 13.6

M10 × 1.5 10.00 9.78 16.00 15.57 18.48 17.43 6.63 6.17 4.5 0.6 0.3 14.6

M12 × 1.75 12.00 11.73 18.00 17.57 20.78 19.68 7.76 7.24 5.2 0.6 0.3 16.6

M14 × 2 14.00 13.73 21.00 20.16 24.25 22.58 9.09 8.51 6.2 0.6 0.3 19.6

M16 × 2 16.00 15.73 24.00 23.16 27.71 25.94 10.32 9.68 7.0 0.8 0.4 22.5

M20 × 2.5 20.00 19.67 30.00 29.16 34.64 32.66 12.88 12.12 8.8 0.8 0.4 27.7

M24 × 3 24.00 23.67 36.00 35.00 41.57 39.20 15.44 14.56 10.5 0.8 0.4 33.2
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Table 3. American National Standard Metric Heavy Hex Screws
 ANSI B18.2.3.3M-1979 (R2001)

All dimensions are in millimeters.
Basic thread lengths, B, are the same as given in Table 13.
Transition thread length, X, includes the length of incomplete threads and tolerances on grip gaging

length and body length. It is intended for calculation purposes.
For additional manufacturing and acceptance specifications, reference should be made to the Stan-

dard.

ANSI letter symbols designating dimensional characteristics are in accord with those
used in ISO Standards except capitals have been used for data processing convenience
instead of the lower case letters used in the ISO Standards.

Metric Screw and Bolt Diameters.—Metric screws and bolts are furnished with full
diameter body within the limits shown in the respective dimensional tables, or are threaded
to the head (see Metric Screw and Bolt Thread Lengths on page 1500) unless the purchaser
specifies “reduced body diameter.” Metric formed hex screws (Table 4), hex flange screws
(Table 4), hex bolts (Table 4), heavy hex bolts (Table 4), hex lag screws (Table 5), heavy
hex flange screws (Table 7), and round head square neck bolts (Table 9) may be obtained
with reduced diameter body, if so specified; however, formed hex screws, hex flange
screws, heavy hex flange screws, hex bolts, or heavy hex bolts with nominal lengths
shorter than 4D, where D is the nominal diameter, are not recommended. Metric formed
hex screws, hex flange screws, heavy hex flange screws, and hex lag screws with reduced
body diameter will be furnished with a shoulder under the head. For metric hex bolts and
heavy hex bolts this is optional with the manufacturer.

For bolts and lag screws there may be a reasonable swell, fin, or die seam on the body
adjacent to the head not exceeding the nominal bolt diameter by: 0.50 mm for M5, 0.65 mm
for M6, 0.75 mm for M8 through M14, 1.25 mm for M16, 1.50 mm for M20 through M30,
2.30 mm for M36 through M48, 3.00 mm for M56 through M72, and 4.80 mm for M80
through M100.

Nominal
Screw
Dia.,
D,
and

Thread
Pitch

Body
Diameter.,

Ds

Width
Across
Flats,

S

Width
Across

Corners,
E

Head
Height,

K

Wren
ching
Heig
ht, K1

Washer
Face

Thickness,
C

Wash
er

Face
Dia.,
Dw

Max Min Max Min Max Min Max Min Min Max Min Min

M12 × 1.75 12.00 11.73 21.00 20.67 24.25 23.35 7.76 7.24 5.2 0.6 0.3 19.6

M14 × 2 14.00 13.73 24.00 23.67 27.71 26.75 9.09 8.51 6.2 0.6 0.3 22.5

M16 × 2 16.00 15.73 27.00 26.67 31.18 30.14 10.32 9.68 7.0 0.8 0.4 25.3

M20 × 2.5 20.00 19.67 34.00 33.00 39.26 37.29 12.88 12.12 8.8 0.8 0.4 31.4

M24 × 3 24.00 23.67 41.00 40.00 47.34 45.20 15.44 14.56 10.5 0.8 0.4 38.0

M30 × 3.5 30.00 29.67 50.00 49.00 57.74 55.37 19.48 17.92 13.1 0.8 0.4 46.6

M36 × 4 36.00 35.61 60.00 58.80 69.28 66.44 23.38 21.72 15.8 0.8 0.4 55.9
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Table 4. American National Standard Metric Hex Screws and Bolts —
Reduced Body Diameters

All dimensions are in millimeters.

Nominal
Dia.,D,

and
Thread
Pitch

Shoulder
Diameter,a

Ds

a Shoulder is mandatory for formed hex screws, hex flange screws, and heavy hex flange screws.
Shoulder is optional for hex bolts and heavy hex bolts. 

Body
Diameter,

Dsi

Shoulder
Length,a

Lsh

Nominal
Dia., D,

and
Thread
Pitch

Shoulder
Diameter,a

Ds

Body
Diameter,

Dsi

Shoulder
Length,a

Lsh

Max Min Max Min Max Min Max Min Max Min Max Min

Metric Formed Hex Screws (ANSI B18.2.3.2M–1979, R1995)

M5 × 0.8 5.00 4.82 4.46 4.36 3.5 2.5 M14 × 2 14.00 13.73 12.77 12.50 8.0 7.0

M6 × 1 6.00 5.82 5.39 5.21 4.0 3.0 M16 × 2 16.00 15.73 14.77 14.50 9.0 8.0

M8 × 1.25 8.00 7.78 7.26 7.04 5.0 4.0 M20 × 2.5 20.00 19.67 18.49 18.16 11.0 10.0

M10 × 1.5 10.00 9.78 9.08 8.86 6.0 5.0 M24 × 3 24.00 23.67 22.13 21.80 13.0 12.0

M12 × 1.75 12.00 11.73 10.95 10.68 7.0 6.0 … … … … … … …

Metric Hex Flange Screws (ANSI B18.2.3.4M–2001)

M5 × 0.8 5.00 4.82 4.54 4.36 3.5 2.5 M12 × 1.75 12.00 11.73 10.95 10.68 7.0 6.0

M6 × 1 6.00 5.82 5.39 5.21 4.0 3.0 M14 × 2 14.00 13.73 12.77 12.50 8.0 7.0

M8 × 1.25 8.00 7.78 7.26 7.04 5.0 4.0 M16 × 2 16.00 15.73 14.77 14.50 9.0 8.0

M10 × 1.5 10.00 9.78 9.08 8.86 6.0 5.0 … … … … … … …

Metric Hex Bolts (ANSI B18.2.3.5M−1979, R2001)

M5 × 0.8 5.48 4.52 4.46 4.36 3.5 2.5 M14 × 2 14.70 13.30 12.77 12.50 8.0 7.0

M6 × 1 6.48 5.52 5.39 5.21 4.0 3.0 M16 × 2 16.70 15.30 14.77 14.50 9.0 8.0

M8 × 1.25 8.58 7.42 7.26 7.04 5.0 4.0 M20 × 2.5 20.84 19.16 18.49 18.16 11.0 10.0

M10 × 1.5 10.58 9.42 9.08 8.86 6.0 5.0 M24 × 3 24.84 23.16 22.13 21.80 13.0 12.0

M12 × 1.75 12.70 11.30 10.95 10.68 7.0 6.0 … … … … … … …

Metric Heavy Hex Bolts (ANSI B18.2.3.6M–1979, R2001)

M12 × 1.75 12.70 11.30 10.95 10.68 7.0 6.0 M20 × 2.5 20.84 19.16 18.49 18.16 11.0 10.0

M14 × 2 14.70 13.30 12.77 12.50 8.0 7.0 M24 × 3 24.84 23.16 22.13 21.80 13.0 12.0

M16 × 2 16.70 15.30 14.77 14.50 9.0 8.0 … … … … … … …

Metric Heavy Hex Flange Screws (ANSI B18.2.3.9M–1984)

M10 × 1.5 10.00 9.78 9.08 8.86 6.0 5.0 M16 × 2 16.00 15.73 14.77 14.50 9.0 8.0

M12 × 1.75 12.00 11.73 10.95 10.68 7.0 6.0 M20 × 2.5 20.00 19.67 18.49 18.16 11.0 10.0

M14 × 2 14.00 13.73 12.77 12.50 8.0 7.0 … … … … … … …
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Table 5. American National Standard Metric Hex Lag Screws
 ANSI B18.2.3.8M–1981 (R1999)

All dimensions are in millimeters. Reduced body diameter, Dsi, is the blank diameter before roll-
ing. Shoulder is mandatory when body diameter is reduced.

Nominal
Screw
Dia.,

D

Body
Diameter,

Ds

Width
Across
Flats,

S

Width
Across

Corners,
E

Head
Height,

K

Wrench-
ing

Height,
K1

Max Min Max Min Max Min Max Min Min

5 5.48 4.52 8.00 7.64 9.24 8.63 3.9 3.1 2.4
6 6.48 5.52 10.00 9.64 11.55 10.89 4.4 3.6 2.8
8 8.58 7.42 13.00 12.57 15.01 14.20 5.7 4.9 3.7

10 10.58 9.42 16.00 15.57 18.48 17.59 6.9 5.9 4.5
12 12.70 11.30 18.00 17.57 20.78 19.85 8.0 7.0 5.2
16 16.70 15.30 24.00 23.16 27.71 26.17 10.8 9.3 7.0
20 20.84 19.16 30.00 29.16 34.64 32.95 13.4 11.6 8.8
24 24.84 23.16 36.00 35.00 41.57 39.55 15.9 14.1 10.5

Nominal
Screw
Dia.,

D

Thread Dimensions
Nominal

Screw
Dia.,

D

Thread Dimensions

Thread
Pitch,

P

Flat
at

Root,
V

Depth
of

Thread,
T

Root
Dia.,
D1

Thread
Pitch,

P

Flat
at

Root,
V

Depth
of

Thread,
T

Root
Dia.,
D1

5 2.3 1.0 0.9 3.2 12 4.2 1.8 1.6 8.7
6 2.5 1.1 1.0 4.0 16 5.1 2.2 2.0 12.0
8 2.8 1.2 1.1 5.8 20 5.6 2.4 2.2 15.6

10 3.6 1.6 1.4 7.2 24 7.3 3.1 2.8 18.1

REDUCED BODY DIAMETER

Nominal
Screw
Dia.,

D

Shoulder
Diameter,

Ds

Shoulder
Length,

Lsh

Nominal
Screw
Dia.,

D

Shoulder
Diameter,

Ds

Shoulder
Length,

Lsh

Max Min Max Min Max Min Max Min
5 5.48 4.52 3.5 2.5 12 12.70 11.30 7.0 6.0
6 6.48 5.52 4.0 3.0 16 16.70 15.30 9.0 8.0
8 8.58 7.42 5.0 4.0 20 20.84 19.16 11.0 10.0

10 10.58 9.42 6.0 5.0 24 24.84 23.16 13.0 12.0
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1494 METRIC SOCKET HEAD SHOULDER SCREWS

All dimensions are in millimeters. 
R1 rounded or chamfered: R1 ≤ 0.15 mm for M5, M6, M10; R1 ≤ 0.20 mm for M12, M16, M20

Unless specified otherwise, threads are metric coarse series in accordance with ANSI/ASME
B1.13M, Metric Screw Threads – M Profile. Tolerances for threads are to ISO Tolerance Class 4g6g.
Standard length and diameter combinations are shown in the lower chart. The government encour-
ages the general use of the part number system (PIN) to achieve maximum parts standardization. For
details not shown, including material and complete PIN system, see ANSI/ASME B18.3.3M. 

Table 6a. Hexagon Socket Head Shoulder Screws – Metric Series
 ANSI/ASME B18.3.3M-1986 (R2002)

Nominal
Shoulder, Dia.

Shoulder 
Diaa , D

a The shoulder is the enlarged, unthreaded portion of the screw.  

Head
 Diameter, A Head Height, H

Chamfer or 
Radius, S Nominal Thread 

Size, D1

Thread
Length, E

Max. Min. Max. Min. Max. Min. Max. Max.
6.5 6.487 6.451 10.00 9.78 4.50 4.32 0.6 M5 × 0.8 9.75
8.0 7.987 7.951 13.00 12.73 5.50 5.32 0.8 M6 × 1 11.25

10.0 9.987 9.951 16.00 15.73 7.00 6.78 1.0 M8 × 1.25 13.25
13.0 12.984 12.941 18.00 17.73 9.00 8.78 1.2 M10 × 1.5 16.40
16.0 15.984 15.941 24.00 23.67 11.00 10.73 1.6 M12 × 1.75 18.40
20.0 19.980 19.928 30.00 29.67 14.00 13.73 2.0 M16 × 2 22.40
25.0 24.980 24.928 36.00 35.61 16.00 15.73 2.4 M20 × 2.5 27.40

Nominal
Shoulder 
Diameter

Thread Neck Dia., 
G

Thread
Neck

Width, I

Shoulder
Neck Dia, 

K

Shoulder 
Neck

Width. F
Thread Neck

Fillet, N

Head Fillet 
Extension 

above D, M
Hexagon 
Socket 
Size, JMax. Min. Max. Min. Max. Max. Min. Max.

6.5 3.86 3.68 2.4 5.92 2.5 0.66 0.50 7.5 3
8.0 4.58 4.40 2.6 7.42 2.5 0.69 0.53 9.2 4

10.0 6.25 6.03 2.8 9.42 2.5 0.80 0.64 11.2 5
13.0 7.91 7.69 3.0 12.42 2.5 0.93 0.77 15.2 6
16.0 9.57 9.35 4.0 15.42 2.5 1.03 0.87 18.2 8
20.0 13.23 12.96 4.8 19.42 2.5 1.30 1.14 22.4 10
25.0 16.57 16.30 5.6 14.42 3.0 1.46 1.30 27.4 12

Table 6b. Standard Sizes and Socket Dimensions  ANSI/ASME B18.3.3M-1986
Standard Sizes for Government Use Dimensions Hexagon Sockets - Metric

N
om

in
al

 
Sh

ou
ld

er
L

en
gt

h

Nominal Shoulder Diameter

N
om

in
al

 
So

ck
et

 S
iz

e

Socket Width
Across Flats

J

So
ck

et
 W

id
th

A
cr

os
s

C
or

ne
rs

,C

6.5 8 10 13 16 20 25 Max Min Min
10.0 065010 080010 100010 3 3.071 3.020 3.44
12.0 130012 4 4.084 4.020 4.58
16.0 5 5.084 5.020 5.72
20.0 6 6.095 6.020 6.86
25.0 8 8.115 8.025 9.15
30.0 160030 10 10.127 10.025 11.50
40.0 065040

Range of standard diam-
eter and length combina-
tions and their part 
numbers. (PIN)

200040 12 12.146 12.032 13.80
50.0 080050 250050
60.0
70.0
80.0
90.0

100.0 100100
110.0
120.0 130120 160120 200120 250120

Z
Y

H
S

G

L 0.125

D

E

P

A

Detail Z

Detail Y

M

F

J

0.8

R
N

THIS DIA. NOT TO
EXCEED MAJOR DIA.

OF THREADS

I

D1K

+_

1
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Table 7. American National Standard Metric Heavy Hex Flange Screws ANSI/ASME B18.2.3.9M-1984

All dimensions are in millimeters. Basic thread lengths, B, are as given in Table 13. Transition thread length, x, includes the length of incomplete threads and toler-
ances on grip gaging length and body length. It is intended for calculation purposes. For additional manufacturing and acceptance specifications, reference should be
made to ANSI/ASME B18.2.3.9M-1984 standard.

Nominal Screw
Dia., D, and
Thread Pitch

Body Dia., Ds

Width Across
Flats, S

Width Across
Corners, E

Flange
Dia., Dc

Bearing Circle
Dia., Dw

Flange Edge
Thickness, C

Head
Height, K

Wrenching
Height K1

Fillet
Radius, R

Max Min Max Min Max Min Max Min Min Max Min Max

M10 × 1.5 10.00 9.78 15.00 14.57 17.32 16.32 22.3 19.6 1.5 8.6 3.70 0.6

M12 × 1.75 12.00 11.73 18.00 17.57 20.78 19.68 26.6 23.8 1.8 10.4 4.60 0.7

M14 × 2 14.00 13.73 21.00 20.48 24.25 22.94 30.5 27.6 2.1 12.4 5.50 0.9

M16 × 2 16.00 15.73 24.00 23.16 27.71 25.94 35.0 31.9 2.4 14.1 6.20 1.0

M20 × 2.5 20.00 19.67 30.00 29.16 34.64 32.66 43.0 39.9 3.0 17.7 7.90 1.2
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Table 8. American National Standard Metric Hex Flange Screws
 ANSI/ASME B18.2.3.4M-2001

All dimensions are in millimeters. Basic thread lengths, B, are the same as given in Table 13. Tran-
sition thread length, X, includes the length of incomplete threads and tolerances on grip gaging length
and body length. This dimension is intended for calculation purposes only. For additional manufac-
turing and acceptance specifications, reference should be made to ANSI/ASME B18.2.3.4M-2001
standard.

Table 9. American National Standard Metric Round Head Square Neck Bolts 
Reduced Body Diameters ANSI/ASME B18.5.2.2M-1982 (R2000)

All dimensions are in millimeters.

Nominal
Screw Dia., D,

and
Thread Pitch Body Dia., Ds

Width Across
Flats, S

Width Across
Corners, E Fl

an
ge

D
ia

., 
D

c

B
ea

ri
ng

 C
ir

cl
e

D
ia

., 
D

w

Fl
an

ge
 E

dg
e

T
hi

ck
ne

ss
, C

H
ea

d
H

ei
gh

t, 
K

W
re

nc
hi

ng
H

ei
gh

t, 
K

1

Fi
lle

t
R

ad
iu

s,
 R

Max Min Max Min Max Min Max Min Min Max Min Max
M5 × 0.8 5.00 4.82 7.00 6.64 8.08 7.44 11.4 9.4 1.0 5.6 2.30 0.3
M6 × 1 6.00 5.82 8.00 7.64 9.24 8.56 13.6 11.6 1.1 6.8 2.90 0.4
M8 × 1.25 8.00 7.78 10.00 9.64 11.55 10.80 17.0 14.9 1.2 8.5 3.80 0.5
M10 × 1.5 10.00 9.78 13.00 12.57 15.01 14.08 20.8 18.7 1.5 9.7 4.30 0.6
M12 × 1.75 12.00 11.73 15.00 14.57 17.32 16.32 24.7 22.0 1.8 11.9 5.40 0.7
M14 × 2 14.00 13.73 18.00 17.57 20.78 19.68 28.6 25.9 2.1 12.9 5.60 0.8
M16 × 2 16.00 15.73 21.00 20.48 24.25 22.94 32.8 30.1 2.4 15.1 6.70 1.0

Nominal
Bolt Dia., D

and Thread Pitch

Diameter of
Reduced Body Dr

Nominal
Bolt Dia., D

and Thread Pitch

Diameter of
Reduced Body Dr

Max Min Max Min

M5 × 0.8 5.00 4.36 M14 × 2 14.00 12.50
M6 × 1 6.00 5.21 M16 × 2 16.00 14.50
M8 × 1.25 8.00 7.04 M20 × 2.5 20.00 18.16
M10 × 1.5 10.00 8.86 M24 × 3 24.00 21.80
M12 × 1.75 12.00 10.68 … … …
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Table 10. American National Standard Metric Round Head Square Neck Bolts  ANSI B18.2.3.7M–1979 (R2001)

All dimensions are in millimeters.

†Lg is the grip gaging length which controls the length of thread B.

‡B is the basic thread length and is a reference dimension (see Table 14).

For additional manufacturing and acceptance specifications, see ANSI/ASME B18.5.2.2M-1982, R2000.

Nominal
Bolt Dia.,

D and
Thread
Pitch

Diameter
of Full
Body,

Ds

Head
Radius,

(Rk)

Head
height,

K

Head
Edge

Thickness,
C

Head
Dia.,
Dc

Bearing
Surface

Dia.,
Dw

Square
Depth,

F

Square
Corner
Depth,

F1

Square
Width

Across Flats,
V

Square
Width Across

Corners,
E

Max Min Ref. Max Min Max Min Max Min Max Min Min Max Min Max Min

M5 × 0.8 5.48 4.52 8.8 3.1 2.5 1.8 1.0 11.8 9.8 3.1 2.5 1.6 5.48 4.88 7.75 6.34

M6 × 1 6.48 5.52 10.7 3.6 3.0 1.9 1.1 14.2 12.2 3.6 3.0 1.9 6.48 5.88 9.16 7.64

M8 × 1.25 8.58 7.42 12.5 4.8 4.0 2.2 1.2 18.0 15.8 4.8 4.0 2.5 8.58 7.85 12.13 10.20

M10 × 1.5 10.58 9.42 15.5 5.8 5.0 2.5 1.5 22.3 19.6 5.8 5.0 3.2 10.58 9.85 14.96 12.80

M12 × 1.75 12.70 11.30 19.0 6.8 6.0 2.8 1.8 26.6 23.8 6.8 6.0 3.8 12.70 11.82 17.96 15.37

M14 × 2 14.70 13.30 21.9 7.9 7.0 3.3 2.1 30.5 27.6 7.9 7.0 4.4 14.70 13.82 20.79 17.97

M16 × 2 16.70 15.30 25.5 8.9 8.0 3.6 2.4 35.0 31.9 8.9 8.0 5.0 16.70 15.82 23.62 20.57

M20 × 2.5 20.84 19.16 31.9 10.9 10.0 4.2 3.0 43.0 39.9 10.9 10.0 6.3 20.84 19.79 29.47 25.73

M24 × 3 24.84 23.16 37.9 13.1 12.0 5.1 3.6 51.0 47.6 13.1 12.0 7.6 24.84 23.79 35.13 30.93
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Table 11. ANSI Heavy Hex Bolts ANSI B18.2.3.6M–1979 (R2001)

All dimensions are in millimeters.*Basic thread lengths, B, are the same as given in Table 13.For
additional manufacturing and acceptance specifications, reference should be made to the ANSI
B18.2.3.6M–1979, R2001 standard.

Table 12. ANSI Metric Heavy Hex Structural Bolts ANSI B18.2.3.7M–1979 (R2001)

All dimensions are in millimeters.
For additional manufacturing and acceptance specifications, reference should be made to the

ANSI B18.2.3.7M-1979 (R2001) standard.

Nominal
Dia., D

and Thread Pitch

Body
Diameter, Ds

Width Across
Flats, S

Width Across
Corners, E

Head
Height, K

Wrenching
Height, K1

Max Min Max Min Max Min Max Min Min

M12 × 1.75 12.70 11.30 21.00 20.16 24.25 22.78 7.95 7.24 5.2
M14 × 2 14.70 13.30 24.00 23.16 27.71 26.17 9.25 8.51 6.2
M16 × 2 16.70 15.30 27.00 26.16 31.18 29.56 10.75 9.68 7.0
M20 × 2.5 20.84 19.16 34.00 33.00 39.26 37.29 13.40 12.12 8.8
M24 × 3 24.84 23.16 41.00 40.00 47.34 45.20 15.90 14.56 10.5
M30 × 3.5 30.84 29.16 50.00 49.00 57.74 55.37 19.75 17.92 13.1
M36 × 4 37.00 35.00 60.00 58.80 69.28 66.44 23.55 21.72 15.8

Dia. D, and
Thread
Pitch

Body
Diameter, Ds

Width Across
Flats, S

Width Across
Corners, E

Head
Height, K W

re
nc

hi
ng

H
ei

gh
t,

K
1

W
as

he
r

Fa
ce

D
ia

.,
D

w

Washer
Face

Thickness,
C

Thread
Length, Ba

a Basic thread length, B, is a reference dimension. 

T
ra

ns
iti

on
T

hr
ea

d
L

en
gt

h,
 X

b

b Transition thread length, X, includes the length of incomplete threads and tolerances on grip gaging
length and body length. It is intended for calculation purposes. 

L
en

gt
hs

≤ 
10

0

L
en

gt
hs

>
 1

00

Max Min Max Min Max Min Max Min Min Min Max Min Basic Max

M16 × 2 16.70 15.30 27.00 26.16 31.18 29.56 10.75 9.25 6.5 24.9 0.8 0.4 31 38 6.0
M20 × 2.5 20.84 19.16 34.00 33.00 39.26 37.29 13.40 11.60 8.1 31.4 0.8 0.4 36 43 7.5
M22 × 2.5 22.84 21.16 36.00 35.00 41.57 39.55 14.90 13.10 9.2 33.3 0.8 0.4 38 45 7.5
M24 × 3 24.84 23.16 41.00 40.00 47.34 45.20 15.90 14.10 9.9 38.0 0.8 0.4 41 48 9.0
M27 × 3 27.84 26.16 46.00 45.00 53.12 50.85 17.90 16.10 11.3 42.8 0.8 0.4 44 51 9.0
M30 × 3.5 30.84 29.16 50.00 49.00 57.74 55.37 19.75 17.65 12.4 46.5 0.8 0.4 49 56 10.5
M36 × 4 37.00 35.00 60.00 58.80 69.28 66.44 23.55 21.45 15.0 55.9 0.8 0.4 56 63 12.0
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METRIC SCREWS AND BOLTS 1499

Table 13. American National Standard Metric Hex Bolts
 ANSI/ASME B18.2.3.5M (R2001)

All dimensions are in millimeters.
For additional manufacturing and acceptance specifications, reference should be made to the

ANSI B18.2.3.5M-1979 (R2001) standard.

Materials and Mechanical Properties.—Unless otherwise specified, steel metric
screws and bolts, with the exception of heavy hex structural bolts, hex lag screws, and
socket head cap screws, conform to the requirements specified in SAE J1199 or ASTM
F568. Steel heavy hex structural bolts conform to ASTM A325M or ASTM A490M. Alloy
steel socket head cap screws conform to ASTM A574M, property class 12.9, where the
numeral 12 represents approximately one-hundredth of the minimum tensile strength in
megapascals and the decimal .9 approximates the ratio of the minimum yield stress to the
minimum tensile stress. This is in accord with ISO designation practice. Screws and bolts

Nominal Bolt
Dia., D and

Thread Pitch

Body
Diameter, Ds

Width
Across Flats, S

Width Across
Corners, E

Head
Height, K W

re
nc

hi
ng

H
ei

gh
t,

K
1

For Bolt Lengths

<
 1

25
 m

m

>
 1

25
 a

nd
<

 2
00

 m
m

>
 2

00
 m

m

Max Min Max Min Max Min Max Min Min
Basic Thread

Length,a B

a Basic thread length, B, is a reference dimension. 

M5 × 0.8 5.48 4.52 8.00 7.64 9.24 8.63 3.58 3.35 2.4 16 22 35

M6 × 1 6.19 5.52 10.00 9.64 11.55 10.89 4.38 3.55 2.8 18 24 37

M8 × 1.25 8.58 7.42 13.00 12.57 15.01 14.20 5.68 5.10 3.7 22 28 41
bM10 × 1.5

b This size with width across flats of 15 mm is not standard. Unless specifically ordered, M10 hex
bolts with 16 mm width across flats will be furnished. 

10.58 9.42 15.00 14.57 17.32 16.46 6.85 6.17 4.5 26 32 45

M10 × 1.5 10.58 9.42 16.00 15.57 18.48 17.59 6.85 6.17 4.5 26 32 45

M12 × 1.75 12.70 11.30 18.00 17.57 20.78 19.85 7.95 7.24 5.2 30 36 49

M14 × 2 14.70 13.30 21.00 20.16 24.25 22.78 9.25 8.51 6.2 34 40 53

M16 × 2 16.70 15.30 24.00 23.16 27.71 26.17 10.75 9.68 7.0 38 44 57

M20 × 2.5 20.84 19.16 30.00 29.16 34.64 32.95 13.40 12.12 8.8 46 52 65

M24 × 3 24.84 23.16 36.00 35.00 41.57 39.55 15.90 14.56 10.5 54 60 73

M30 × 3.5 30.84 29.16 46.00 45.00 53.12 50.55 19.75 17.92 13.1 66 72 85

M36 × 4 37.00 35.00 55.00 53.80 63.51 60.79 23.55 21.72 15.8 78 84 97

M42 × 4.5 43.00 41.00 65.00 62.90 75.06 71.71 27.05 25.03 18.2 90 96 109

M48 × 5 49.00 47.00 75.00 72.60 86.60 82.76 31.07 28.93 21.0 102 108 121

M56 × 5.5 57.20 54.80 85.00 82.20 98.15 93.71 36.20 33.80 24.5 … 124 137

M64 × 6 65.52 62.80 95.00 91.80 109.70 104.65 41.32 38.68 28.0 … 140 153

M72 × 6 73.84 70.80 105.00 101.40 121.24 115.60 46.45 43.55 31.5 … 156 169

M80 × 6 82.16 78.80 115.00 111.00 132.79 126.54 51.58 48.42 35.0 … 172 185

M90 × 6 92.48 88.60 130.00 125.50 150.11 143.07 57.74 54.26 39.2 … 192 205

M100 × 6 102.80 98.60 145.00 140.00 167.43 159.60 63.90 60.10 43.4 … 212 225
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1500 METRIC SCREWS AND BOLTS

of other materials, and all materials for hex lag bolts, have properties as agreed upon by the
purchaser and the manufacturer.

Except for socket head cap screws, metric screws and bolts are furnished with a natural
(as processed) finish, unplated or uncoated unless otherwise specified.

Alloy steel socket head cap screws are furnished with an oiled black oxide coating (ther-
mal or chemical) unless a protective plating or coating is specified by the purchaser.

Metric Screw and Bolt Identification Symbols.—Screws and bolts are identified on the
top of the head by property class symbols and manufacturer's identification symbol.

Metric Screw and Bolt Designation.—Metric screws and bolts with the exception of
socket head cap screws are designated by the following data, preferably in the sequence
shown: product name, nominal diameter and thread pitch (except for hex lag screws), nom-
inal length, steel property class or material identification, and protective coating, if
required.

Example:Hex cap screw, M10 × 1.5 × 50, class 9.8, zinc plated
Heavy hex structural bolt, M24 × 3 × 80, ASTM A490M
Hex lag screw, 6 × 35, silicon bronze.

Socket head cap screws (metric series) are designated by the following data in the order
shown: ANSI Standard number, nominal size, thread pitch, nominal screw length, name of
product (may be abbreviated SHCS), material and property class (alloy steel screws are
supplied to property class 12.9 as specified in ASTM A574M: corrosion-resistant steel
screws are specified to the property class and material requirements in ASTM F837M),
and protective finish, if required.

Example:B18.3.1M—6 × 1 × 20 Hexagon Socket Head Cap Screw, Alloy Steel
B18.3.1M—10 × 1.5 × 40 SHCS, Alloy Steel Zinc Plated.

Metric Screw and Bolt Thread Lengths.—The length of thread on metric screws and
bolts (except for metric lag screws) is controlled by the grip gaging length, Lg max. This is
the distance measured parallel to the axis of the screw or bolt, from under the head bearing
surface to the face of a noncounterbored or noncountersunk standard GO thread ring gage
assembled by hand as far as the thread will permit. The maximum grip gaging length, as
calculated and rounded to one decimal place, is equal to the nominal screw length, L, minus
the basic thread length, B, or in the case of socket head cap screws, minus the minimum
thread length LT. B and LT are reference dimensions intended for calculation purposes only
and will be found in Tables 13 and 15, respectively.

Table 14. Basic Thread Lengths for Metric Round Head Square Neck Bolts
 ANSI/ASME B18.5.2.2M-1982 (R2000)

All dimensions are in millimeters
Basic thread length B is a reference dimension intended for calculation purposes only.

Nom. Bolt
Dia., D

and
Thread
Pitch

Bolt Length, L Nom. Bolt
Dia., D

and
Thread
Pitch

Bolt Length, L

≤ 125
> 125

and ≤ 200 > 200 ≤ 125
> 125

and ≤ 200 > 200

Basic Thread Length, B Basic Thread length, B

M5 × 0.8 16 22 35 M14 × 2 34 40 53

M6 × 1 18 24 37 M16 × 2 38 44 57

M8 × 1.25 22 28 41 M20 × 2.5 46 52 65

M10 × 1.5 26 32 45 M24 × 3 54 60 73

M12 × 1.75 30 36 49 … … … …
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METRIC SCREWS AND BOLTS 1501

Table 15. Socket Head Cap Screws (Metric Series)—Length of Complete Thread
 ANSI/ASME B18.3.1M-1986 (R2002)

Grip length, LG equals screw length, L, minus LT. Total length of thread LTT equals LT plus 5 times
the pitch of the coarse thread for the respective screw size. Body length LB equals L minus LTT.

The minimum thread length for hex lag screws is equal to one-half the nominal screw
length plus 12 mm, or 150 mm, whichever is shorter. Screws too short for this formula to
apply are threaded as close to the head as practicable.

Metric Screw and Bolt Diameter-Length Combinations.—For a given diameter, the
recommended range of lengths of metric cap screws, formed hex screws, heavy hex
screws, hex flange screws, and heavy hex flange screws can be found in Table 17, for
heavy hex structural bolts in Table 18, for hex lag screws in Table 16, for round head
square neck bolts in Table 19, and for socket head cap screws in Table 20. No recommen-
dations for diameter-length combinations are given in the Standards for hex bolts and
heavy hex bolts.

Hex bolts in sizes M5 through M24 and heavy hex bolts in sizes M12 through M24 are
standard only in lengths longer than 150 mm or 10D, whichever is shorter. When shorter
lengths of these sizes are ordered, hex cap screws are normally supplied in place of hex
bolts and heavy hex screws in place of heavy hex bolts. Hex bolts in sizes M30 and larger
and heavy hex bolts in sizes M30 and M36 are standard in all lengths; however, at manu-
facturer's option, hex cap screws may be substituted for hex bolts and heavy hex screws for
heavy hex bolts for any diameter-length combination.

Table 16. Recommended Diameter-Length Combinations for
Metric Hex Lag Screws ANSI B18.2.3.8M-1981 (R1999)

All dimensions are in millimeters.
Recommended diameter-length combinations are indicated by the symbol �.

Nominal
Size

Length of
Complete
Thread, LT

Nominal
Size

Length of
Complete
Thread, LT

Nominal
Size

Length of
Complete
Thread, LT

M1.6 15.2 M6 24.0 M20 52.0

M2 16.0 M8 28.0 M24 60.0

M2.5 17.0 M10 32.0 M30 72.0

M3 18.0 M12 36.0 M36 84.0

M4 20.0 M14 40.0 M42 96.0

M5 22.0 M16 44.0 M48 108.0

Nominal
Length,

L

Nominal Screw Diameter Nominal
Length,

L

Nominal Screw Diameter

5 6 8 10 12 16 20 24 10 12 16 20 24

8 � … … … … … … … 90 � � � � �

10 � � … … … … … … 100 � � � � �

12 � � � … … … … … 110 … � � � �

14 � � � … … … … … 120 … � � � �

16 � � � � … … … … 130 … … � � �

20 � � � � � … … … 140 … … � � �

25 � � � � � � … … 150 … … � � �

30 � � � � � � � … 160 … … � � �

35 � � � � � � � � 180 … … … � �

40 � � � � � � � � 200 … … … � �

45 � � � � � � � � 220 … … … … �

50 � � � � � � � � 240 … … … … �

60 … � � � � � � � 260 … … … … �

70 … … � � � � � � 280 … … … … �

80 … … � � � � � � 300 … … … … �
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1502 METRIC SCREWS AND BOLTS

All dimensions are in millimeters.

For available diameters of each type of screw, see respective dimensional table.

Table 17. Rec’d Diameter-Length Combinations for Metric Hex Cap Screws, 
Formed Hex and Heavy Hex Screws, Hex Flange and Heavy Hex Flange Screws

Nominal
Lengtha

a Lengths in parentheses are not recommended. Recommended lengths of formed hex screws, hex
flange screws, and heavy hex flange screws do not extend above 150 mm. Recommended lengths of
heavy hex screws do not extend below 20 mm. Standard sizes for government use. Recommended
diameter-length combinations are indicated by the symbol �. Screws with lengths above heavy cross
lines are threaded full length.

Diameter—Pitch

M5
×0.8

M6
×1

M8
×1.25

M10
×1.5

M12
×1.75

M14
×2

M16
×2

M20
×2.5

M24
×3

M30
×3.5

M36
×4

8 � … … … … … … … … … …

10 � � … … … … … … … … …

12 � � � … … … … … … … …

14 � � � �b

b Does not apply to hex flange screws and heavy hex flange screws. 

… … … … … … …

16 � � � � �b �b … … … … …

20 � � � � � � … … … … …

25 � � � � � � � … … … …

30 � � � � � � � � … … …

35 � � � � � � � � � … …

40 � � � � � � � � � � …

45 � � � � � � � � � � …

50 � � � � � � � � � � �

(55) … � � � � � � � � � �

60 … � � � � � � � � � �

(65) … … � � � � � � � � �

70 … … � � � � � � � � �

(75) … … � � � � � � � � �

80 … … � � � � � � � � �

(85) … … … � � � � � � � �

90 … … … � � � � � � � �

100 … … … � � � � � � � �

110 … … … … � � � � � � �

120 … … … … � � � � � � �

130 … … … … … � � � � � �

140 … … … … … � � � � � �

150 … … … … … … � � � � �

160 … … … … … … � � � � �

(170) … … … … … … … � � � �

180 … … … … … … … � � � �

(190) … … … … … … … � � � �

200 … … … … … … … � � � �

220 … … … … … … … … � � �

240 … … … … … … … … � � �

260 … … … … … … … … … � �

280 … … … … … … … … … � �

300 … … … … … … … … … � �
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METRIC SCREWS AND BOLTS 1503

All dimensions are in millimeters.
Recommended diameter-length combinations are indicated by the symbol �.
Bolts with lengths above the heavy cross lines are threaded full length.

Table 18. Recommended Diameter-Length Combinations
for Metric Heavy Hex Structural Bolts

Nominal
Length,

L

Nominal Diameter and Thread Pitch

M16 × 2 M20 × 2.5 M22 × 2.5 M24 × 3 M27 × 3 M30 × 3.5 M36 × 4

45 � … … … … … …
50 � � … … … … …
55 � � � … … … …
60 � � � � … … …
65 � � � � � … …
70 � � � � � � …
75 � � � � � � …
80 � � � � � � �

85 � � � � � � �

90 � � � � � � �

95 � � � � � � �

100 � � � � � � �

110 � � � � � � �

120 � � � � � � �

130 � � � � � � �

140 � � � � � � �

150 � � � � � � �

160 � � � � � � �

170 � � � � � � �

180 � � � � � � �

190 � � � � � � �

200 � � � � � � �

210 � � � � � � �

220 � � � � � � �

230 � � � � � � �

240 � � � � � � �

250 � � � � � � �

260 � � � � � � �

270 � � � � � � �

280 � � � � � � �

290 � � � � � � �

300 � � � � � � �

Table 19. Recommended Diameter-Length Combinations
for Metric Round Head Square Neck Bolts

Nominal
Length,a

L

Nominal Diameter and Thread Pitch

M5
× 0.8

M6
× 1

M8
× 1.25

M10
× 1.5

M12
× 1.75

M14
× 2

M16
× 2

M20
× 2.5

M24
× 3

10 � … … … … … … … …
12 � � … … … … … … …

(14) � � … … … … … … …
16 � � � … … … … … …
20 � � � � … … … … …
25 � � � � � … … … …
30 � � � � � � � … …
35 � � � � � � � … …
40 � � � � � � � � …
45 � � � � � � � � �

50 � � � � � � � � �

(55) … � � � � � � � �

60 … � � � � � � � �

(65) … … � � � � � � �

70 … … � � � � � � �

(75) … … � � � � � � �

80 … … � � � � � � �
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1504 METRIC SCREWS AND BOLTS

All dimensions are in millimeters. Recommended diameter-length combinations are indicated by
the symbol �. Standard sizes for government use.

All dimensions are in millimeters. Screws with lengths above heavy cross lines are threaded full
length. Diameter-length combinations are indicated by the symbol �. Standard sizes for government
use. In addition to the lengths shown, the following lengths are standard: 3, 4, 5, 6, 8, 10, 12, and 16
mm. No diameter-length combinations are given in the Standard for these lengths. Screws larger than
M24 with lengths equal to or shorter than LTT (see Table 15 footnote) are threaded full length.

(85) … … … � � � � � �

90 … … … � � � � � �

100 … … … � � � � � �

110 … … … … � � � � �

120 … … … … � � � � �

130 … … … … … � � � �

140 … … … … … � � � �

150 … … … … … … � � �

160 … … … … … … � � �

(170) … … … … … … … � �

180 … … … … … … … � �

(190) … … … … … … … � �

200 … … … … … … … � �

220 … … … … … … … … �

240 … … … … … … … … �

a Bolts with lengths above the heavy cross lines are threaded full length. Lengths in ( ) are not recom-
mended.

Table 20. Diameter-Length Combinations for
Socket Head Cap Screws (Metric Series)

Nominal
Length,

L

Nominal Size

M1.6 M2 M2.5 M3 M4 M5 M6 M8 M10 M12 M14 M16 M20 M24

20 � �

25 � � � �

30 � � � � �

35 … � � � � � �

40 … � � � � � �

45 … … � � � � � �

50 … … � � � � � � �

55 … … … � � � � � �

60 … … … � � � � � � �

65 … … … � � � � � � � �

70 … … … … � � � � � � � �

80 … … … … � � � � � � � �

90 … … … … … � � � � � � � �

100 … … … … … � � � � � � � � �

110 … … … … … … � � � � � � � �

120 … … … … … … � � � � � � � �

130 … … … … … … … � � � � � � �

140 … … … … … … … � � � � � � �

150 … … … … … … … � � � � � � �

160 … … … … … … … � � � � � � �

180 … … … … … … … … � � � � � �

200 … … … … … … … … � � � � � �

220 … … … … … … … … … � � � � �

240 … … … … … … … … … � � � � �

260 … … … … … … … … … … � � � �

300 … … … … … … … … … … … � � �

Table 19. (Continued) Recommended Diameter-Length Combinations
for Metric Round Head Square Neck Bolts

Nominal
Length,a

L

Nominal Diameter and Thread Pitch

M5
× 0.8

M6
× 1

M8
× 1.25

M10
× 1.5

M12
× 1.75

M14
× 2

M16
× 2

M20
× 2.5

M24
× 3
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METRIC SCREWS AND BOLTS 1505

Table 21. American National Standard Socket Head Cap Screws
Metric Series  ANSI/ASME B18.3.1M-1986 (R2002)

All dimensions are in millimeters

LG is grip length and LB is body length (see Table 15). For length of complete thread, see Table 15.

For additional manufacturing and acceptance specifications, see ANSI/ASME B18.3.1M.

Nom. Size
and

Thread
Pitch

Body
Diameter,

D

Head
Diameter

A

Head
Height

H

Cham-
fer
or

Radius
S

Hexa-
gon

Socket
Sizea

J

a See also Table 23.

Spline
Socket
Sizea

M

Key
Engage
ment

T

Transi-
tion
Dia.
Ba

Max Min Max Min Max Min Max Nom. Nom. Min Max

M1.6 × 0.35 1.60 1.46 3.00 2.87 1.60 1.52 0.16 1.5 1.829 0.80 2.0

M2 × 0.4 2.00 1.86 3.80 3.65 2.00 1.91 0.20 1.5 1.829 1.00 2.6

M2.5 × 0.45 2.50 2.36 4.50 4.33 2.50 2.40 0.25 2.0 2.438 1.25 3.1

M3 × 0.5 3.00 2.86 5.50 5.32 3.00 2.89 0.30 2.5 2.819 1.50 3.6

M4 × 0.7 4.00 3.82 7.00 6.80 4.00 3.88 0.40 3.0 3.378 2.00 4.7

M5 × 0.8 5.00 4.82 8.50 8.27 5.00 4.86 0.50 4.0 4.648 2.50 5.7

M6 × 1 6.00 5.82 10.00 9.74 6.00 5.85 0.60 5.0 5.486 3.00 6.8

M8 × 1.25 8.00 7.78 13.00 12.70 8.00 7.83 0.80 6.0 7.391 4.00 9.2

M10 × 1.5 10.00 9.78 16.00 15.67 10.00 9.81 1.00 8.0 … 5.00 11.2

M12 × 1.75 12.00 11.73 18.00 17.63 12.00 11.79 1.20 10.0 … 6.00 14.2

M14 × 2b

b The M14 × 2 size is not recommended for use in new designs. 

14.00 13.73 21.00 20.60 14.00 13.77 1.40 12.0 … 7.00 16.2

M16 × 2 16.00 15.73 24.00 23.58 16.00 15.76 1.60 14.0 … 8.00 18.2

M20 × 2.5 20.00 19.67 30.00 29.53 20.00 19.73 2.00 17.0 … 10.00 22.4

M24 × 3 24.00 23.67 36.00 35.48 24.00 23.70 2.40 19.0 … 12.00 26.4

M30 × 3.5 30.00 29.67 45.00 44.42 30.00 29.67 3.00 22.0 … 15.00 33.4

M36 × 4 36.00 35.61 54.00 53.37 36.00 35.64 3.60 27.0 … 18.00 39.4

M42 × 4.5 42.00 41.61 63.00 62.31 42.00 41.61 4.20 32.0 … 21.00 45.6

M48 × 5 48.00 47.61 72.00 71.27 48.00 47.58 4.80 36.0 … 24.00 52.6
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Table 22. Drilled Head Dimensions for Metric Hex Socket Head Cap Screws

All dimensions are in millimeters.
Drilled head metric hexagon socket head cap screws normally are not available in screw sizes

smaller than M3 nor larger than M36. The M3 and M4 nominal screw sizes have two drilled holes
spaced 180 degrees apart. Nominal screw sizes M5 and larger have six drilled holes spaced 60
degrees apart unless the purchaser specifies two drilled holes. The positioning of holes on opposite
sides of the socket should be such that the hole alignment check plug will pass completely through
the head without any deflection. When so specified by the purchaser, the edges of holes on the out-
side surface of the head will be chamfered 45 degrees to a depth of 0.30 to 0.50 mm.

Metric Nuts

The American National Standards covering metric nuts have been established in cooper-
ation with the Department of Defense in such a way that they could be used by the Govern-
ment for procurement purposes. Extensive information concerning these nuts is given in
the following text and tables, but for more complete manufacturing and acceptance speci-
fications, reference should be made to the respective Standards, which may be obtained by
non-governmental agencies from the American National Standards Institute, 25 West 43rd
Street, New York, N.Y. 10036. Manufacturers should be consulted concerning items and
sizes which are in stock production.

Comparison with ISO Standards.—American National Standards for metric nuts have
been coordinated to the extent possible with comparable ISO Standards or proposed Stan-
dards, thus: ANSI B18.2.4.1M Metric Hex Nuts, Style 1 with ISO 4032; B18.2.4.2M Met-
ric Hex Nuts, Style 2 with ISO 4033; B18.2.4.4M Metric Hex Flange Nuts with ISO 4161;
B18.2.4.5M Metric Hex Jam Nuts with ISO 4035; and B18.2.4.3M Metric Slotted Hex
Nuts, B18.2.4.6M Metric Heavy Hex Nuts in sizes M12 through M36, and B18.16.3M
Prevailing-Torque Type Steel Metric Hex Nuts and Hex Flange Nuts with comparable
draft ISO Standards. The dimensional differences between each ANSI Standard and the
comparable ISO Standard or draft Standard are very few, relatively minor, and none will
affect the interchangeability of nuts manufactured to the requirements of either.

Two holes Six holes

Nominal Size
or Basic

Screw Diameter

Hole Center Location,
W

Drilled Hole Diameter,
X

Hole Alignment
Check Plug
Diameter

Max Min Max Min Basic

M3 1.20 0.80 0.95 0.80 0.75
M4 1.60 1.20 1.35 1.20 0.90
M5 2.00 1.50 1.35 1.20 0.90
M6 2.30 1.80 1.35 1.20 0.90
M8 2.70 2.20 1.35 1.20 0.90
M10 3.30 2.80 1.65 1.50 1.40
M12 4.00 3.50 1.65 1.50 1.40
M16 5.00 4.50 1.65 1.50 1.40
M20 6.30 5.80 2.15 2.00 1.80
M24 7.30 6.80 2.15 2.00 1.80
M30 9.00 8.50 2.15 2.00 1.80
M36 10.50 10.00 2.15 2.00 1.80
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METRIC NUTS 1507

At its meeting in Varna, May 1977, ISO/TC2 studied several technical reports analyzing
design considerations influencing determination of the best series of widths across flats for
hex bolts, screws, and nuts. A primary technical objective was to achieve a logical ratio
between under head (nut) bearing surface area (which determines the magnitude of com-
pressive stress on the bolted members) and the tensile stress area of the screw thread
(which governs the clamping force that can be developed by tightening the fastener). The
series of widths across flats in the ANSI Standards agree with those which were selected by
ISO/TC2 to be ISO Standards.

One exception for width across flats of metric hex nuts, styles 1 and 2, metric slotted hex
nuts, metric hex jam nuts, and prevailing-torque metric hex nuts is the M10 size. These
nuts in M10 size are currently being produced in the United States with a width across flats
of 15 mm. This width, however, is not an ISO Standard. Unless these M10 nuts with width

Table 23. American National Standard Hexagon and Spline Sockets for
Socket Head Cap Screws—Metric Series ANSI/ASME B18.3.1M-1986 (R2002)

METRIC HEXAGON SOCKETS
 See Table 21

METRIC SPLINE SOCKET
 See Table 21

Nominal
Hexagon
Socket
Size

Socket Width
Across Flats,

J

Socket Width
Across Corners,

C

Nominal
Hexagon
Socket
Size

Socket Width
Across Flats,

J

Socket Width
Across Corners,

C

Metric Hexagon Sockets

Max Min Min Max Min Min

1.5 1.545 1.520 1.73 12 12.146 12.032 13.80
2 2.045 2.020 2.30 14 14.159 14.032 16.09
2.5 2.560 2.520 2.87 17 17.216 17.050 19.56
3 3.071 3.020 3.44 19 19.243 19.065 21.87
4 4.084 4.020 4.58 22 22.319 22.065 25.31
5 5.084 5.020 5.72 24 24.319 24.065 27.60
6 6.095 6.020 6.86 27 27.319 27.065 31.04
8 8.115 8.025 9.15 32 32.461 32.080 36.80

10 10.127 10.025 11.50 36 36.461 36.080 41.38

Metric Spline Socketsa

Nominal
Spline
Socket
Size

Socket
Major

Diameter,
M

Socket
Minor

Diameter,
N

Width
of

Tooth,
P

Max Min Max Min Max Min

1.829 1.8796 1.8542 1.6256 1.6002 0.4064 0.3810
2.438 2.4892 2.4638 2.0828 2.0320 0.5588 0.5334
2.819 2.9210 2.8702 2.4892 2.4384 0.6350 0.5842
3.378 3.4798 3.4290 2.9972 2.9464 0.7620 0.7112
4.648 4.7752 4.7244 4.1402 4.0894 0.9906 0.9398
5.486 5.6134 5.5626 4.8260 4.7752 1.2700 1.2192
7.391 7.5692 7.5184 6.4516 6.4008 1.7272 2.6764

a The tabulated dimensions represent direct metric conversions of the equivalent inch size spline
sockets shown in American National Standard Socket Cap, Shoulder and Set Screws — Inch Series
ANSI B18.3. Therefore, the spline keys and bits shown therein are applicable for wrenching the corre-
sponding size metric spline sockets. 
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1508 METRIC NUTS

across flats of 15 mm are specifically ordered, the M10 size with 16 mm width across flats
will be furnished.

In ANSI Standards for metric nuts, letter symbols designating dimensional characteris-
tics are in accord with those used in ISO Standards, except capitals have been used for data
processing convenience instead of lower case letters used in ISO Standards.

Metric Nut Tops and Bearing Surfaces.—Metric hex nuts, styles 1 and 2, slotted hex
nuts, and hex jam nuts are double chamfered in sizes M16 and smaller and in sizes M20 and
larger may either be double chamfered or have a washer-faced bearing surface and a cham-
fered top at the option of the manufacturer. Metric heavy hex nuts are optional either way
in all sizes. Metric hex flange nuts have a flange bearing surface and a chamfered top and
prevailing-torque type metric hex nuts have a chamfered bearing surface. Prevailing-
torque type metrix hex flange nuts have a flange bearing surface. All types of metric nuts
have the tapped hole countersunk on the bearing face and metric slotted hex nuts, hex
flange nuts, and prevailing-torque type hex nuts and hex flange nuts may be countersunk
on the top face.

Table 24. American National Standard Metric Slotted Hex Nuts
 ANSI B18.2.4.3M-1982 (R2001)

All dimensions are in millimeters.

Materials and Mechanical Properties.—Nonheat-treated carbon steel metric hex nuts,
style 1 and slotted hex nuts conform to material and property class requirements specified
for property class 5 nuts; hex nuts, style 2 and hex flange nuts to property class 9 nuts; hex
jam nuts to property class 04 nuts, and nonheat-treated carbon and alloy steel heavy hex
nuts to property classes 5, 9, 8S, or 8S3 nuts; all as covered in ASTM A563M. Carbon steel
metric hex nuts, style 1 and slotted hex nuts that have specified heat treatment conform to
material and property class requirements specified for property class 10 nuts; hex nuts,

Nominal
Nut Dia.

and
Thread
Pitch

Width
Across
Flats,

S

Width
Across

Corners,
E

Thickness,
M

Bearing
Face
Dia.,
Dw

Unslotted
Thickness,

F

Width
of Slot,

N

Washer
Face

Thickness
C

Max Min Max Min Max Min Min Max Min Max Min Max Min

M5 × 0.8 8.00 7.78 9.24 8.79 5.10 4.80 6.9 3.2 2.9 2.0 1.4 … …
M6 × 1 10.00 9.78 11.55 11.05 5.70 5.40 8.9 3.5 3.2 2.4 1.8 … …
M8 × 1.25 13.00 12.73 15.01 14.38 7.50 7.14 11.6 4.4 4.1 2.9 2.3 … …

aM10 × 1.5

a This size with width across flats of 15 mm is not standard. Unless specifically ordered, M10 slotted
hex nuts with 16 mm width across flats will be furnished. 

15.00 14.73 17.32 16.64 10.0 9.6 13.6 5.7 5.4 3.4 2.8 0.6 0.3
M10 × 1.5 16.00 15.73 18.48 17.77 9.30 8.94 14.6 5.2 4.9 3.4 2.8 … …
M12 × 1.75 18.00 17.73 20.78 20.03 12.00 11.57 16.6 7.3 6.9 4.0 3.2 … …
M14 × 2 21.00 20.67 24.25 23.35 14.10 13.40 19.6 8.6 8.0 4.3 3.5 … …
M16 × 2 24.00 23.67 27.71 26.75 16.40 15.70 22.5 9.9 9.3 5.3 4.5 … …
M20 × 2.5 30.00 29.16 34.64 32.95 20.30 19.00 27.7 13.3 12.2 5.7 4.5 0.8 0.4
M24 × 3 36.00 35.00 41.57 39.55 23.90 22.60 33.2 15.4 14.3 6.7 5.5 0.8 0.4
M30 × 3.5 46.00 45.00 53.12 50.85 28.60 27.30 42.7 18.1 16.8 8.5 7.0 0.8 0.4
M36 × 4 55.00 53.80 63.51 60.79 34.70 33.10 51.1 23.7 22.4 8.5 7.0 0.8 0.4
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METRIC NUTS 1509

Table 25. American National Standard Metric Hex Nuts, Styles 1 and 2
 ANSI/ASME B18.2.4.1M-2002 and B18.2.4.2M-2005

Nominal
Nut Dia.

and Thread
Pitch

Width Across
Flats a,

S

Width Across
Corners b,

E
Thickness c,

M

Bearing
Face Dia.d,

Dw

Washer Face
Thickness d,

C
Max Min Max Min Max Min Min Max Min

Metric Hex Nuts — Style 1
M1.6 × 0.35 3.20 3.02 3.70 3.41 1.30 1.05 2.3 … …
M2 × 0.4 4.00 3.82 4.62 4.32 1.60 1.35 3.1 … …
M2.5 × 0.45 5.00 4.82 5.77 5.45 2.00 1.75 4.1 … …
M3 × 0.5 5.50 5.32 6.35 6.01 2.40 2.15 4.6 … …
M3.5 × 0.6 6.00 5.82 6.93 6.58 2.80 2.55 5.1 … …
M4 × 0.7 7.00 6.78 8.08 7.66 3.20 2.90 6.0 … …
M5 × 0.8 8.00 7.78 9.24 8.79 4.70 4.40 7.0 … …
M6 × 1 10.00 9.78 11.55 11.05 5.20 4.90 8.9 … …
M8 × 1.25 13.00 12.73 15.01 14.38 6.80 6.44 11.6 … …

eM10 × 1.5 15.00 14.73 17.32 16.64 9.1 8.7 13.6 … …
fM10 × 1.5 16.00 15.73 18.48 17.77 8.40 8.04 14.6 … …
M12 × 1.75 18.00 17.73 20.78 20.03 10.80 10.37 16.6 … …
M14 × 2 21.00 20.67 24.25 23.36 12.80 12.10 19.4 … …
M16 × 2 24.00 23.67 27.71 26.75 14.80 14.10 22.4 … …
M20 × 2.5 30.00 29.16 34.64 32.95 18.00 16.90 27.9 0.8 0.4
M24 × 3 36.00 35.00 41.57 39.55 21.50 20.20 32.5 0.8 0.4
M30 × 3.5 46.00 45.00 53.12 50.85 25.60 24.30 42.5 0.8 0.4
M36 × 4 55.00 53.80 63.51 60.79 31.00 29.40 50.8 0.8 0.4

Metric Hex Nuts — Style 2
M3 × 0.5 5.50 5.32 6.35 6.01 2.90 2.65 4.6 … …
M3.5 × 0.6 6.00 5.82 6.93 6.58 3.30 3.00 5.1 … …
M4 × 0.7 7.00 6.78 8.08 7.66 3.80 3.50 5.9 … …
M5 × 0.8 8.00 7.78 9.24 8.79 5.10 4.80 6.9 … …
M6 × 1 10.00 9.78 11.55 11.05 5.70 5.40 8.9 … …
M8 × 1.25 13.00 12.73 15.01 14.38 7.50 7.14 11.6 … …

eM10 × 1.5 15.00 14.73 17.32 16.64 10.0 9.6 13.6 … …
fM10 × 1.5 16.00 15.73 18.48 17.77 9.30 8.94 14.6 … …
M12 × 1.75 18.00 17.73 20.78 20.03 12.00 11.57 16.6 … …
M14 × 2 21.00 20.67 24.25 23.35 14.10 13.40 19.6 … …
M16 × 2 24.00 23.67 27.71 26.75 16.40 15.70 22.5 … …
M20 × 2.5 30.00 29.16 34.64 32.95 20.30 19.00 27.7 0.8 0.4
M24 × 3 36.00 35.00 41.57 39.55 23.90 22.60 33.2 0.8 0.4
M30 × 3.5 46.00 45.00 53.12 50.85 28.60 27.30 42.7 0.8 0.4
M36 × 4 55.00 53.80 63.51 60.79 34.70 33.10 51.1 0.8 0.4

a  The width across flats shall be the distance, measured perpendicular to the axis of the nut,
between two opposite wrenching flats.  

b A rounding or lack of fill at the junction of hex corners with the chamfer shall be permissible. 
c  The nut thickness shall be the overall distance, measured parallel to the axis of the nut, from the

top of the nut to the bearing surface, and shall include the thickness of the washer face where pro-
vided.

d  M16 and smaller nuts shall be double chamfered. M20 and larger nuts shall be either double
chamfered or have a washer faced bearing surface and a chamfered top. 

e Dimensional requirements shown in bold type are in addition to or differ from ISO 4032. 
f When M10 hex nuts are ordered, nuts with 16 mm width across flats shall be furnished unless

15mm width across flats is specified. 

Machinery's Handbook 28th Edition

Copyright 2008, Industrial Press Inc., New York, NY - www.industrialpress.com



1510 METRIC NUTS

style 2 to property class 12 nuts; hex jam nuts to property class 05 nuts; hex flange nuts to
property classes 10 and 12 nuts; and carbon or alloy steel heavy hex nuts to property classes
10S, 10S3, or 12 nuts, all as covered in ASTM A563M. Carbon steel prevailing-torque
type hex nuts and hex flange nuts conform to mechanical and property class requirements
as given in ANSI B18.16.1M.

Metric nuts of other materials, such as stainless steel, brass, bronze, and aluminum
alloys, have properties as agreed upon by the manufacturer and purchaser. Properties of
nuts of several grades of non-ferrous materials are covered in ASTM F467M.

Unless otherwise specified, metric nuts are furnished with a natural (unprocessed) finish,
unplated or uncoated.

Metric Nut Thread Series.—Metric nuts have metric coarse threads with class 6H toler-
ances in accordance with ANSI B1.13M (see Metric Screw and Bolt Diameter-Length
Combinations on page 1501 ). For prevailing-torque type metric nuts this condition applies
before introduction of the prevailing torque feature. Nuts intended for use with externally
threaded fasteners which are plated or coated with a plating or coating thickness (e.g., hot
dip galvanized) requiring overtapping of the nut thread to permit assembly, have over-
tapped threads in conformance with requirements specified in ASTM A563M.

Types of Metric Prevailing-Torque Type Nuts.—There are three basic designs for pre-
vailing-torque type nuts:

1) All-metal, one-piece construction nuts which derive their prevailing-torque character-
istics from controlled distortion of the nut thread and/or body.

2) Metal nuts which derive their prevailing-torque characteristics from addition or fusion
of a nonmetallic insert, plug. or patch in their threads.

Table 26. American National Standard Metric Hex Flange Nuts
 ANSI B18.2.4.4M-1982 (R1999)

DETAIL X

Nominal
Nut Dia.

and
Thread
Pitch

Width
Across
Flats,

S

Width
Across

Corners,
E

Flange
Dia.,
Dc

Bearing
Circle
Dia.,
Dw

Flange
Edge

Thick-
ness,

C
Thickness,

M

Flange
Top

Fillet
Radius,

R

Max Min Max Min Max Min Min Max Min Max

M5 × 0.8 8.00 7.78 9.24 8.79 11.8 9.8 1.0 5.00 4.70 0.3
M6 × 1 10.00 9.78 11.55 11.05 14.2 12.2 1.1 6.00 5.70 0.4
M8 × 1.25 13.00 12.73 15.01 14.38 17.9 15.8 1.2 8.00 7.60 0.5
M10 × 1.5 15.00 14.73 17.32 16.64 21.8 19.6 1.5 10.00 9.60 0.6
M12 × 1.75 18.00 17.73 20.78 20.03 26.0 23.8 1.8 12.00 11.60 0.7
M14 × 2 21.00 20.67 24.25 23.35 29.9 27.6 2.1 14.00 13.30 0.9
M16 × 2 24.00 23.67 27.71 26.75 34.5 31.9 2.4 16.00 15.30 1.0
M20 × 2.5 30.00 29.16 34.64 32.95 42.8 39.9 3.0 20.00 18.90 1.2

All dimensions are in millimeters.
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3) Top insert, two-piece construction nuts which derive their prevailing-torque charac-
teristics from an insert, usually a full ring of non-metallic material, located and retained in
the nut at its top surface.

The first two designs are designated in Tables 29 and 27 as “all-metal” type and the third
design as “top-insert” type.

Table 27. American National Standard Prevailing-Torque Metric
Hex Flange Nuts  ANSI B18.16.3M-1998

All dimensions are in millimeters.

Metric Nut Identification Symbols.—Carbon steel hex nuts, styles 1 and 2, hex flange
nuts, and carbon and alloy steel heavy hex nuts are marked to identify the property class
and manufacturer in accordance with requirements specified in ASTM A563M. The afore-
mentioned nuts when made of other materials, as well as slotted hex nuts and hex jam nuts,
are marked to identify the property class and manufacturer as agreed upon by manufacturer
and purchaser. Carbon steel prevailing-torque type hex nuts and hex flange nuts are
marked to identify property class and manufacturer as specified in ANSI B18.16.1M. Pre-
vailing-torque type nuts of other materials are identified as agreed upon by the manufac-
turer and purchaser.

Metric Nut Designation.—Metric nuts are designated by the following data, preferably
in the sequence shown: product name, nominal diameter and thread pitch, steel property
class or material identification, and protective coating, if required. (Note: It is common
practice in ISO Standards to omit thread pitch from the product designation when the nut
threads are the metric coarse thread series, e.g., M10 stands for M10 × 1.5).

Example:Hex nut, style 1, M10 × 1.5, ASTM A563M class 10, zinc plated
Heavy hex nut, M20 × 2.5, silicon bronze, ASTM F467, grade 651
Slotted hex nut, M20, ASTM A563M class 10.

Nominal
Dia.
and

Thread
Pitch

Width
Across
Flats,

S

Width
Across

Corners,
E

All Metal Typea

a Also includes metal nuts with nonmetallic inserts, plugs, or patches in their threads. 

Top Insert Type

Fl
an

ge
D

ia
., 

D
c

B
ea

ri
ng

C
ir

cl
e 

D
ia

., 
D

w

Fl
an

ge
 E

dg
e

T
hi

ck
ne

ss
,C

Fl
an

ge
 T

op
Fi

lle
t R

ad
iu

s,
 R

Thickness, M
(All Nut

Property Classes)

Max Min Max Min Max Min Max Min Max Min Min Max

M6 × 1 10.00 9.78 11.55 11.05 7.30 5.70 8.80 8.00 14.2 12.2 1.1 0.4
M8 × 1.25 13.00 12.73 15.01 14.38 9.40 7.60 10.70 9.70 17.9 15.8 1.2 0.5
M10 × 1.5 15.00 14.73 17.32 16.64 11.40 9.60 13.50 12.50 21.8 19.6 1.5 0.6
M12 × 1.75 18.00 17.73 20.78 20.03 13.80 11.60 16.10 15.10 26.0 23.8 1.8 0.7
M14 × 2 21.00 20.67 24.25 23.35 15.90 13.30 18.20 17.00 29.9 27.6 2.1 0.9
M16 × 2 24.00 23.67 27.71 26.75 18.30 15.30 20.30 19.10 34.5 31.9 2.4 1.0
M20 × 2.5 30.00 29.16 34.64 32.95 22.40 18.90 24.80 23.50 42.8 39.9 3.0 1.2
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Table 28. American National Standard Metric Hex Jam Nuts and Heavy Hex Nuts
 ANSI B18.2.4.5M-1979 (R2003) and  B18.2.4.6M-1979 (R2003)

All dimensions are in millimeters.

HEX JAM NUTS HEAVY HEX NUTS

Nominal
Nut Dia.

and
Thread
Pitch

Width
Across
Flats,

S

Width
Across

Corners,
E

Thickness,
M

Bearing
Face
Dia.,
Dw

Washer
Face

Thickness,
C

Max Min Max Min Max Min Min Max Min

Metric Hex Jam Nuts

M5 × 0.8 8.00 7.78 9.24 8.79 2.70 2.45 6.9 … …

M6 × 1 10.00 9.78 11.55 11.05 3.20 2.90 8.9 … …

M8 × 1.25 13.00 12.73 15.01 14.38 4.00 3.70 11.6 … …
aM10 × 1.5

a This size with width across flats of 15 mm is not standard. Unless specifically ordered, M10 hex
jam nuts with 16 mm width across flats will be furnished. 

15.00 14.73 17.32 16.64 5.00 4.70 13.6 … …

M10 × 1.5 16.00 15.73 18.48 17.77 5.00 4.70 14.6 … …

M12 × 1.75 18.00 17.73 20.78 20.03 6.00 5.70 16.6 … …

M14 × 2 21.00 20.67 24.25 23.35 7.00 6.42 19.6 … …

M16 × 2 24.00 23.67 27.71 26.75 8.00 7.42 22.5 … …

M20 × 2.5 30.00 29.16 34.64 32.95 10.00 9.10 27.7 0.8 0.4

M24 × 3 36.00 35.00 41.57 39.55 12.00 10.90 33.2 0.8 0.4

M30 × 3.5 46.00 45.00 53.12 50.85 15.00 13.90 42.7 0.8 0.4

M36 × 4 55.00 53.80 63.51 60.79 18.00 16.90 51.1 0.8 0.4

Metric Heavy Hex Nuts

M12 × 1.75 21.00 20.16 24.25 22.78 12.3 11.9 19.2 0.8 0.4

M14 × 2 24.00 23.16 27.71 26.17 14.3 13.6 22.0 0.8 0.4

M16 × 2 27.00 26.16 31.18 29.56 17.1 16.4 24.9 0.8 0.4

M20 × 2.5 34.00 33.00 39.26 37.29 20.7 19.4 31.4 0.8 0.4

M22 × 2.5 36.00 35.00 41.57 39.55 23.6 22.3 33.3 0.8 0.4

M24 × 3 41.00 40.00 47.34 45.20 24.2 22.9 38.0 0.8 0.4

M27 × 3 46.00 45.00 53.12 50.85 27.6 26.3 42.8 0.8 0.4

M30 × 3.5 50.00 49.00 57.74 55.37 30.7 29.1 46.6 0.8 0.4

M36 × 4 60.00 58.80 69.28 66.44 36.6 35.0 55.9 0.8 0.4

M42 × 4.5 70.00 67.90 80.83 77.41 42.0 40.4 64.5 1.0 0.5

M48 × 5 80.00 77.60 92.38 88.46 48.0 46.4 73.7 1.0 0.5

M56 × 5.5 90.00 87.20 103.92 99.41 56.0 54.1 82.8 1.0 0.5

M64 × 6 100.00 96.80 115.47 110.35 64.0 62.1 92.0 1.0 0.5

M72 × 6 110.00 106.40 127.02 121.30 72.0 70.1 101.1 1.2 0.6

M80 × 6 120.00 116.00 138.56 132.24 80.0 78.1 110.2 1.2 0.6

M90 × 6 135.00 130.50 155.88 148.77 90.0 87.8 124.0 1.2 0.6

M100 × 6 150.00 145.00 173.21 165.30 100.0 97.8 137.8 1.2 0.6

Machinery's Handbook 28th Edition

Copyright 2008, Industrial Press Inc., New York, NY - www.industrialpress.com



M
E

T
R

IC
 N

U
T

S
1513

Table 29. American National Standard Prevailing-Torque Metric Hex Nuts — 
Property Classes 5, 9, and 10  ANSI/ASME B18.16.3M-1998

All dimensions are in millimeters.

Nominal
Nut Dia. and
Thread Pitch

Width
Across
Flats,

S

Width
Across

Corners,
E

Property Classes 5 and 10 Nuts Property Class 9 Nuts Property Class

Bearing
Face 
Dia.,
Dw

All Metala Type

a Also includes metal nuts with non-metallic inserts, plugs, or patches in their threads. 

Top Insert Type All Metal Type Top Insert Type
5 and 10

Nuts
9

Nuts

Thickness, M
Wrenching Height,

M1

Max Min Max Min Max Min Max Min Max Min Max Min Min Min Min

M3 × 0.5 5.50 5.32 6.35 6.01 3.10 2.65 4.50 3.90 3.10 2.65 4.50 3.90 1.4 1.4 4.6
M3.5 × 0.6 6.00 5.82 6.93 6.58 3.50 3.00 5.00 4.30 3.50 3.00 5.00 4.30 1.7 1.7 5.1
M4 × 0.7 7.00 6.78 8.08 7.66 4.00 3.50 6.00 5.30 4.00 3.50 6.00 5.30 1.9 1.9 5.9
M5 × 0.8 8.00 7.78 9.24 8.79 5.30 4.80 6.80 6.00 5.30 4.80 7.20 6.40 2.7 2.7 6.9
M6 × 1 10.00 9.78 11.55 11.05 5.90 5.40 8.00 7.20 6.70 5.40 8.50 7.70 3.0 3.0 8.9
M8 × 1.25 13.00 12.73 15.01 14.38 7.10 6.44 9.50 8.50 8.00 7.14 10.20 9.20 3.7 4.3 11.6
bM10 × 1.5

b This size with width across flats of 15 mm is not standard. Unless specifically ordered, M10 slotted hex nuts with 16 mm width across flats will be furnished. 

15.00 14.73 17.32 16.64 9.70 8.70 12.50 11.50 11.20 9.60 13.50 12.50 5.6 6.2 13.6

M10 × 1.5 16.00 15.73 18.48 17.77 9.00 8.04 11.90 10.90 10.50 8.94 12.80 11.80 4.8 5.6 14.6
M12 × 1.75 18.00 17.73 20.78 20.03 11.60 10.37 14.90 13.90 13.30 11.57 16.10 15.10 6.7 7.7 16.6
M14 × 2 21.00 20.67 24.25 23.35 13.20 12.10 17.00 15.80 15.40 13.40 18.30 17.10 7.8 8.9 19.6
M16 × 2 24.00 23.67 27.71 26.75 15.20 14.10 19.10 17.90 17.90 15.70 20.70 19.50 9.1 10.5 22.5
M20 × 2.5 30.00 29.16 34.64 32.95 19.00 16.90 22.80 21.50 21.80 19.00 25.10 23.80 10.9 12.7 27.7
M24 × 3 36.00 35.00 41.57 39.55 23.00 20.20 27.10 25.60 26.40 22.60 29.50 28.00 13.0 15.1 33.2
M30 × 3.5 46.00 45.00 53.12 50.85 26.90 24.30 32.60 30.60 31.80 27.30 35.60 33.60 15.7 18.2 42.7
M36 × 4 55.00 53.80 63.51 60.79 32.50 29.40 38.90 36.90 38.50 33.10 42.60 40.60 19.0 22.1 51.1
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Metric Washers

Metric Plain Washers.—American National Standard ANSI B18.22M-1981 (R2000)
covers general specifications and dimensions for flat, round-hole washers, both soft (as
fabricated) and hardened, intended for use in general-purpose applications. Dimensions
are given in the following table. Manufacturers should be consulted for current informa-
tion on stock sizes.

Comparison with ISO Standards.—The washers covered by this ANSI Standard are
nominally similar to those covered in various ISO documents. Outside diameters were
selected, where possible, from ISO/TC2/WG6/N47 “General Plan for Plain Washers for
Metric Bolts, Screws, and Nuts.” The thicknesses given in the ANSI Standard are similar
to the nominal ISO thicknesses, however the tolerances differ. Inside diameters also differ.

ISO metric washers are currently covered in ISO 887, “Plain Washers for Metric Bolts,
Screws, and Nuts – General Plan.”

Types of Metric Plain Washers.—Soft (as fabricated) washers are generally available in
nominal sizes 1.6 mm through 36 mm in a variety of materials. They are normally used in
low-strength applications to distribute bearing load, to provide a uniform bearing surface,
and to prevent marring of the work surface.

Hardened steel washers are normally available in sizes 6 mm through 36 mm in the nar-
row and regular series. They are intended primarily for use in high-strength joints to mini-
mize embedment, to provide a uniform bearing surface, and to bridge large clearance holes
and slots.

Metric Plain Washer Materials and Finish.—Soft (as fabricated) washers are made of
nonhardened steel unless otherwise specified by the purchaser. Hardened washers are
made of through-hardened steel tempered to a hardness of 38 to 45 Rockwell C.

Unless otherwise specified, washers are furnished with a natural (as fabricated) finish,
unplated or uncoated with a light film of oil or rust inhibitor.

Metric Plain Washer Designation.—When specifying metric plain washers, the desig-
nation should include the following data in the sequence shown: description, nominal size,
series, material type, and finish, if required.

Example:Plain washer, 6 mm, narrow, soft, steel, zinc plated

Plain washer, 10 mm, regular, hardened steel.
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METRIC WASHERS 1515

All dimensions are in millimeters.

Table 30. American National Standard Metric Plain Washers
 ANSI B18.22M-1981 (R2000)

Nominal
Washer
Sizea

a Nominal washer sizes are intended for use with comparable screw and bolt sizes. 

Washer
Series

Inside Diameter, A Outside Diameter, B Thickness, C

Max Min Max Min Max Min

1.6
Narrow 2.09 1.95 4.00 3.70 0.70 0.50
Regular 2.09 1.95 5.00 4.70 0.70 0.50
Wide 2.09 1.95 6.00 5.70 0.90 0.60

2
Narrow 2.64 2.50 5.00 4.70 0.90 0.60
Regular 2.64 2.50 6.00 5.70 0.90 0.60
Wide 2.64 2.50 8.00 7.64 0.90 0.60

2.5
Narrow 3.14 3.00 6.00 5.70 0.90 0.60
Regular 3.14 3.00 8.00 7.64 0.90 0.60
Wide 3.14 3.00 10.00 9.64 1.20 0.80

3
Narrow 3.68 3.50 7.00 6.64 0.90 0.60
Regular 3.68 3.50 10.00 9.64 1.20 0.80
Wide 3.68 3.50 12.00 11.57 1.40 1.00

3.5
Narrow 4.18 4.00 9.00 8.64 1.20 0.80
Regular 4.18 4.00 10.00 9.64 1.40 1.00
Wide 4.18 4.00 15.00 14.57 1.75 1.20

4
Narrow 4.88 4.70 10.00 9.64 1.20 0.80
Regular 4.88 4.70 12.00 11.57 1.40 1.00
Wide 4.88 4.70 16.00 15.57 2.30 1.60

5
Narrow 5.78 5.50 11.00 10.57 1.40 1.00
Regular 5.78 5.50 15.00 14.57 1.75 1.20
Wide 5.78 5.50 20.00 19.48 2.30 1.60

6
Narrow 6.87 6.65 13.00 12.57 1.75 1.20
Regular 6.87 6.65 18.80 18.37 1.75 1.20
Wide 6.87 6.65 25.40 24.88 2.30 1.60

8
Narrow 9.12 8.90 18.80b

b The 18.80 ⁄18.37 and 25.40 ⁄24.48 mm outside diameters avoid washers which could be used in
coin-operated devices. 

18.37b 2.30 1.60
Regular 9.12 8.90 25.40b 24.48b 2.30 1.60
Wide 9.12 8.90 32.00 31.38 2.80 2.00

10
Narrow 11.12 10.85 20.00 19.48 2.30 1.60
Regular 11.12 10.85 28.00 27.48 2.80 2.00
Wide 11.12 10.85 39.00 38.38 3.50 2.50

12
Narrow 13.57 13.30 25.40 24.88 2.80 2.00
Regular 13.57 13.30 34.00 33.38 3.50 2.50
Wide 13.57 13.30 44.00 43.38 3.50 2.50

14
Narrow 15.52 15.25 28.00 27.48 2.80 2.00
Regular 15.52 15.25 39.00 38.38 3.50 2.50
Wide 15.52 15.25 50.00 49.38 4.00 3.00

16
Narrow 17.52 17.25 32.00 31.38 3.50 2.50
Regular 17.52 17.25 44.00 43.38 4.00 3.00
Wide 17.52 17.25 56.00 54.80 4.60 3.50

20
Narrow 22.32 21.80 39.00 38.38 4.00 3.00
Regular 22.32 21.80 50.00 49.38 4.60 3.50
Wide 22.32 21.80 66.00 64.80 5.10 4.00

24
Narrow 26.12 25.60 44.00 43.38 4.60 3.50
Regular 26.12 25.60 56.00 54.80 5.10 4.00
Wide 26.12 25.60 72.00 70.80 5.60 4.50

30
Narrow 33.02 32.40 56.00 54.80 5.10 4.00
Regular 33.02 32.40 72.00 70.80 5.60 4.50
Wide 33.02 32.40 90.00 88.60 6.40 5.00

36
Narrow 38.92 38.30 66.00 64.80 5.60 4.50
Regular 38.92 38.30 90.00 88.60 6.40 5.00
Wide 38.92 38.30 110.00 108.60 8.50 7.00
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Clearance Holes for Bolts, Screws, and Studs

The Standard ASME B18.2.8-1999, R2005 covers the recommended clearance hole
sizes for #0 through 1.5 inch and M1.6 through M100 metric fasteners in three classes of
clearance using a close-, normal-, and loose-fit category.

The clearance hole tolerances for both inch and metric holes are based on ISO 286, ISO
System of Limits and Fits, using tolerance class H12 for close-fit, H13 for normal-fit, and
H14 for loose-fit clearance holes. The clearances provided by the three classes of fit are
based on regularly stepped clearances as listed in Table 1a for inch and Table 2b for metric.

Inch Fasteners.—The hole sizes for inch fasteners are patterned after USA common
usage and the general clearances translated from the metric standard. The hole tolerances
are based on the ISO System of Limits and Fits, as required by ISO 273.

The tabulated drill and hole sizes, Table 1a, list the inch fastener clearance hole recom-
mendations. The recommended drill sizes for inch fasteners are tabulated by nominal drill
designation as letter, numbers, or fractional sizes. The drill sizes were selected to provide
as nearly as practical a step-patterned clearance size for the minimum recommended hole
(Table 1b). The maximum recommended hole size is based on standard hole tolerances. 

Dimensions are in inches.

Table 1a. Clearance Holes for Inch Fasteners  ASME B18.2.8-1999, R2005

Nominal
 Screw Size

Normal Close Loose

Nominal
Drill Size

Hole Diameter Nominal
Drill Size

Hole Diameter Nominal
Drill Size

Hole Diameter

Min. Max. Min. Max. Min. Max.

#0 #48 0.076 0.082 #51 0.067 0.071 3⁄32 0.094 0.104

#1 #43 0.089 0.095 #46 0.081 0.085 #37 0.104 0.114

#2 #38 0.102 0.108 3⁄32 0.094 0.098 #32 0.116 0.126

#3 #32 0.116 0.122 #36 0.106 0.110 #30 0.128 0.140
#4 #30 0.128 0.135 #31 0.120 0.124 #27 0.144 0.156

#5 5⁄32 0.156 0.163 9⁄64 0.141 0.146 11⁄64 0.172 0.184

#6 #18 0.170 0.177 #23 0.154 0.159 #13 0.185 0.197
#8 #9 0.196 0.203 #15 0.180 0.185 #3 0.213 0.225

#10 #2 0.221 0.228 #5 0.206 0.211 B 0.238 0.250
1⁄4 9⁄32 0.281 0.290 17⁄64 0.266 0.272 19⁄64 0.297 0.311
5⁄16

11⁄32 0.344 0.354 21⁄64 0.328 0.334 23⁄64 0.359 0.373
3⁄8 13⁄32 0.406 0.416 25⁄64 0.391 0.397 27⁄64 0.422 0.438
7⁄16

15⁄32 0.469 0.479 29⁄64 0.453 0.460 31⁄64 0.484 0.500
1⁄2 9⁄16 0.562 0.572 17⁄32 0.531 0.538 39⁄64 0.609 0.625
5⁄8 11⁄16 0.688 0.698 21⁄32 0.656 0.663 47⁄64 0.734 0.754
3⁄4 13⁄16 0.812 0.824 .25⁄32 0.781 0.789 129⁄32 0.906 0.926
7⁄8 15⁄16 0.938 0.950 29⁄32 0.906 0.914 11⁄32 1.031 1.051

1 13⁄32 1.094 1.106 11⁄32 1.031 1.039 15⁄32 1.156 1.181

11⁄8 17⁄32 1.219 1.235 15⁄32 1.156 1.164 15⁄16 1.312 1.337

11⁄4 111⁄32 1.344 1.360 19⁄32 1.281 1.291 17⁄16 1.438 1.463

13⁄8 11⁄2 1.500 1.516 17⁄16 1.438 1.448 139⁄64 1.609 1.634

11⁄2 15⁄8 1.625 1.641 19⁄16 1.562 1.572 147⁄64 1.734 1.759

Table 1b. Inch Clearance Hole Allowances 

Nominal
 Screw Size

Fit Classes Nominal
 Screw Size

Fit Classes

Normal Close Loose Normal Close Loose

#0 – #4 1⁄64 0.008 1⁄32 1 3⁄32
1⁄32

5⁄32

#5 – 7⁄16
1⁄32

1⁄64
3⁄64 11⁄8 , 11⁄4 3⁄32

1⁄32
3⁄16

1⁄2 , 5⁄8 1⁄16
1⁄32

7⁄64 13⁄8 , 11⁄2 1⁄8 1⁄16
15⁄64

3⁄4 , 7⁄8 1⁄16
1⁄32

5⁄32 … … … …
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Metric Fasteners.—The recommended drill and hole sizes for metric fasteners are tabu-
lated in Table 2a. The minimum recommended hole is the drill size and the maximum
recommended hole size is based on standard tolerances. The hole sizes for metric fasteners
are in agreement with ISO 273, Fasteners-Clearance Holes for Bolts and Screws, except
that ISO 273 covers fastener sizes M1 through M150.

Dimensions are in millimeters.

Recommended Substitute Drills.—If the clearance hole application is dimensioned in
metric drill sizes for inch fasteners, or inch drill sizes for metric fasteners, Tables 3a and 3b
list the nearest standard drill size translations for the designated drills of Tables 1a and 2a.

Table 2a. Clearance Holes for Metric Fasteners  ASME B18.2.8-1999, R2005

Nominal
 Screw Size

Normal Close Loose

Nominal
Drill Size

Hole Diameter Nominal
Drill Size

Hole Diameter Nominal
Drill Size

Hole Diameter

Min. Max. Min. Max. Min. Max.

M1.6 1.8 1.8 1.94 1.7 1.7 1.8 2 2 2.25

M2 2.4 2.4 2.54 2.2 2.2 2.3 2.6 2.6 2.85

M2.5 2.9 2.9 3.04 2.7 2.7 2.8 3.1 3.1 3.4

M3 3.4 3.4 3.58 3.2 3.2 3.32 3.6 3.6 3.9

M4 4.5 4.5 4.68 4.3 4.3 4.42 4.8 4.8 5.1

M5 5.5 5.5 5.68 5.3 5.3 5.42 5.8 5.8 6.1

M6 6.6 6.6 6.82 6.4 6.4 6.55 7 7 7.36

M8 9 9 9.22 8.4 8.4 8.55 10 10 10.36

M10 11 11 11.27 10.5 10.5 10.68 12 12 12.43

M12 13.5 13.5 13.77 13 13 13.18 14.5 14.5 14.93

M14 15.5 15.5 15.77 15 15 15.18 16.5 16.5 16.93

M16 17.5 17.5 17.77 17 17 17.18 18.5 18.5 19.02

M20 22 22 22.33 21 21 21.21 24 24 24.52

M24 26 26 26.33 25 25 25.21 28 28 28.52

M30 33 33 33.39 31 31 31.25 35 35 35.62

M36 39 39 39.39 37 37 37.25 42 42 42.62

M42 45 45 45.39 43 43 43.25 48 48 48.62

M48 52 52 52.46 50 50 50.25 56 56 56.74

M56 62 62 62.46 58 58 58.3 66 66 66.74

M64 70 70 70.46 66 66 66.3 74 74 74.74

M72 78 78 78.46 74 74 74.3 82 82 82.87

M80 86 86 86.54 82 82 82.35 91 91 91.87

M90 96 96 96.54 93 93 93.35 101 101 101.87

M100 107 107 107.54 104 104 104.35 112 112 112.87

Table 2b. Metric Clearance Hole Allowances

Nominal 
Screw Size

Fit Classes Nominal
Screw Size

Fit Classes

Normal Close Loose Normal Close Loose

M1.6 0.2 0.1 0.25 M20, M24 2 1 4

M2 0.4 0.1 0.3 M30 3 1 5

M2.5 0.4 0.1 0.3 M36, M42 3 1 6

M3 0.4 0.2 0.6 M48 4 2 8

M4, M5 0.5 0.3 0.8 M56-M72 6 2 10

M6 0.6 0.4 1 M80 6 2 11

M8 1 0.4 2 M90 6 3 11

M10 1 0.5 2 M100 7 4 12

M12-M16 1.5 1 2.5 … … … …
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Table 4. Recommended Clearance Holes for Metric Round Head Square Neck Bolts

Loose Clearance: Loose clearance hole sizes should be specified only for applications where max-
imum adjustment capability between components being assembled is necessary. Loose clearance
square hole or slots may not prevent bolt turning during wrenching.

All dimensions are in millimeters. Source: ANSI/ASME B18.5.2.2M-1982 (R2000), Appendix II

Table 3a. Standard Metric Drills For Inch Fasteners
 ASME B18.2.8-1999, R2005 (Appendix 1)

Nominal
Screw Size, 

inch

Nominal Drill Size, mm Nominal
Screw Size, 

inch

Nominal Drill Size, mm
Fit Classes Fit Classes

Normal Close Loose Normal Close Loose

#0 1.9 1.7 2.4 3⁄8 10.2 9.9 10.5

#1 2.25 2.05 2.6 7⁄16 11.8 11.5 12.2

#2 2.6 2.4 2.9 1⁄2 14.25 13.5 15.5

#3 2.9 2.7 3.3 5⁄8 17.5 16.75 19

#4 3.3 3 3.7 3⁄4 20.5 20 23

#5 4 3.6 4.4 7⁄8 24 23 26
#6 4.3 3.9 4.7 1 27.5 26 29.5
#8 5 4.6 5.4 1 1⁄8 31 29.5 33.5

#10 5.6 5.2 6 1 1⁄4 34 32.5 36.5
1⁄4 7.1 6.7 7.5 1 3⁄8 38 36.5 41
5⁄16 8.7 8.3 9.1 1 1⁄2 41 39.5 44

Table 3b. Standard Inch Drills For Metric Fasteners
 ASME B18.2.8-1999, R2005 (Appendix 1)

Nominal
Screw Size, 

mm

Nominal Drill Size, inch Nominal
Screw Size, 

mm

Nominal Drill Size, inch
Fit Classes Fit Classes

Normal Close Loose Normal Close Loose

M1.6 #50 #51 #47 M16 11⁄32
43⁄64

47⁄64

M2 3⁄32 #44 #38 M20 55⁄64
53⁄64

15⁄16

M2.5 #33 #36 #31 M24 1 1⁄32
63⁄64 1 7⁄64

M3 #29 1⁄8 9⁄64 M30 1 9⁄32 1 7⁄32 1 3⁄8
M4 #16 #19 #12 M36 1 17⁄32 1 15⁄32 1 21⁄32

M5 7⁄32 #4 #1 M42 1 25⁄32 1 11⁄16 1 29⁄32

M6 G 1⁄4 J M48 2 1⁄32 1 31⁄2 2 3⁄16

M8 T Q 25⁄64 M56 2 7⁄16 2 5⁄16 2 5⁄8
M10 7⁄16 Z 31⁄64 M64 2 3⁄4 2 5⁄8 2 5⁄16

M12 17⁄32
33⁄64

37⁄64 M72 3 1⁄8 2 15⁄16 3 1⁄4
M14 39⁄64

19⁄32
21⁄32 … … … …

Close Clearance: Close clearance should be specified only for square holes in very 
thin and/or soft material, or for slots, or where conditions such as critical alignment of 
assembled parts, wall thickness, or other limitations necessitate use of a minimal hole. 
Allowable swell or fins on the bolt body and/or fins on the corners of the square neck 
may interfere with close clearance round or square holes.

Normal Clearance: Normal clearance hole sizes are preferred for general purpose 
applications and should be specified unless special design considerations dictate the 
need for either a close or loose clearance hole.

Nom. Bolt
Dia., D

and Thd.
Pitch

Clearance

Corner
Radius

Rh

Nom. Bolt
Dia., D

and Thd.
Pitch

Clearance

Corner
Radius

Rh

Close Normal Loose Close Normal Loose

Min. Hole Diameter
or Square Width, H

Min. Hole Diameter
or Square Width, H

M5 × 0.8 5.5 … 5.8 0.2 M14 × 2 15.0 15.5 16.5 0.6
M6 × 1 6.6 … 7.0 0.3 M16 × 2 17.0 17.5 18.5 0.6
M8 × 1.25 … 9.0 10.0 0.4 M20 × 2.5 21.0 22.0 24.0 0.8
M10 × 1.5 … 11.0 12.0 0.4 M24 × 3 25.0 26.0 28.0 1.0
M12 × 1.75 13.0 13.5 14.5 0.6 … … … … …
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HELICAL COIL SCREW THREAD INSERTS

Introduction

The ASME B18.29.2M standard delineates the dimensional, mechanical, and perfor-
mance data for the metric series helical coil screw thread insert and threaded hole into
which it is installed. Appendices that describe insert selection, STI (screw thread insert)
taps, insert installation, and removal tooling are also included.

Helical coil inserts are screw thread bushings coiled from wire of diamond-shape cross-
section. Inserts are screwed into STI-tapped holes to form nominal size internal threads.
Inserts are installed by torquing through a diametral tang. This tang is notched for removal
after installation. In the free state, they are larger in diameter than the tapped hole into
which they are installed. In the assembly operation, the torque applied to the tang reduces
the diameter of the leading coil and permits it to enter the tapped thread. The remaining
coils are reduced in diameter as they, in turn, are screwed into the tapped hole. When the
torque or rotation is stopped, the coils expand with a spring-like action anchoring the insert
in place against the tapped hole.

Dimensions.—Dimensions in this standard are in millimeters and apply before any coat-
ing. Symbols specifying geometric characteristics are in accordance with ASME Y14.5M.

Tolerance Classes 4H5H and 5H.—Because helical coil inserts are flexible, the class of
fit of the final assembly is a function of the size of the tapped hole. Helical coil STI taps are
available for both tolerance class 4H5H (or class 4H6H) and class 5H tapped holes. Toler-
ance class 5H tapped holes provide maximum production tolerances but result in lower
locking torques when screw-locking inserts are used. The higher and more consistent
torques given in Table 5 are met by the screw-locking inserts when assembled and tested in
tolerance class 4H5H (or class 4H6H) tapped holes.

Compatibility.—Assembled helical coil inserts will mate properly with items that have
M Profile external threads in accordance with ASME B1.13M. Also, due to the radius on
the crest of the insert at the minor diameter, the assembled insert will mate with MJ Profile
externally threaded parts with controlled radius root threads per ASME B1.21M.

Types of Inserts.—  Free-running inserts provides a smooth, hard, and free-running
thread. Screw-locking inserts provides a resilient locking thread produced by a series of
chords on one or more of the insert coils.

STI-tapped Hole.—The tapped hole into which the insert is installed shall be in accor-
dance with ASME B1.13M, except that diameters are larger to accommodate the wire
cross-section of the insert  (See Fig. 4.). Dimensions of the STI-tapped hole are shown in
Table 1 and are calculated per General Note (c) to Table 1.

Screw Thread Designation for Tapped Hole: The drawing note for the STI-threaded
hole per Table 1 to accept the helical coil insert shall be in accordance with the following:

Example 1:  MS ×1.25-5H STI; 23.5 T per ASME B18.29.2M.

Designation for a Helical Coil Insert: Helical coil inserts shall be designated by the fol-
lowing data, in the sequence shown:

a) product name;  b) designation of the standard;  c) nominal diameter and thread pitch (4)
nominal length;  and  d) insert type (free-running or screw-locking).

Example 2:Helical Coil insert, ASME B18.29.2M, M8 × 1.25 × 12.0 free-running.

Helical Coil insert, ASME B18.29.2M, M5 × 0.8 × 7.5 screw-locking.

The recommended B18 part number (PIN) code system for helical coil inserts is included
in ASME B18.24. This system may be used by user needing definitive part-numbering. 
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1520 HELICAL COIL SCREW THREAD INSERTS

Fig. 4. Tapping Depth

Designation for STI-Threaded Hole Including Installed Helical Coil Insert: The draw-
ing note for the STI-threaded hole per Table 1 having a helical coil insert installed shall be
in accordance with this example. 

Example 3:M8 × 1.25 STI 23.5 deep;
Helical Coil insert, ASME B18.29.2M, M8 × 1.25 × 12.0, free running

Gages and Gaging: Acceptance of the threaded hole is determined by gaging with STI
GO, NOT GO (HI), and plain cylindrical gages designed and applied in accordance with
System 21 of ASME B1.3M and with ASME B1.16M.

Helical Coil Insert

Material.—Chemical composition of the inserts is austenitic corrosion-resistant (stain-
less) steel material within the limits of Table 2.

Properties.—Wire, before coiling into inserts, shall have tensile strength not lower than
1035 MPa, determined in accordance with ASTM A 370. Wire shall withstand, without
cracking, bending in accordance with ASTM E 290 at room temperature through an angle
of 180° around a diameter equal to twice the cross-sectional dimension of the wire in the
plane of the bend. The formed wire shall be of uniform quality and temper; it shall be
smooth, clean, and free from kinks, waviness, splits, cracks, laps, seams, scale, segrega-
tion, and other defects that may impair the serviceability of the insert.

Coatings.—At the option of the user, dry film lubricant coating can be applied to helical
coil inserts.The color of dry film-lubricated inserts is dark gray to black. Lubricant shall
meet requirements of Aerospace Standard SAE AS5272, type I, lubricant, solid film heat
cured, and corrosion inhibiting. Coating shall be uniformly deposited on the insert with the
minimum thickness being complete coverage. Maximum thickness shall be the avoidance
of bridging between coils. Slight fill in between closely wound coils, which immediately
separates as the coils are axially pulled apart by hand, shall not be considered bridging.

Configuration and Dimensions.—Insert configurations shall be in accordance with Fig.
5, and dimensions shall be in accordance with Tables 3 and 4. Each nominal insert size is
standardized in five lengths, which are multiples of the insert's nominal diameter. These
are 1, 1.5, 2, 2.5, and 3 times nominal diameter. Each nominal length is the minimum
through-hole length (material thickness), without countersink, into which that insert can
be installed. The nominal insert length is a reference value and cannot be measured. Actual
assembled length of the insert equals nominal length minus 0.5 pitch to minus 0.75 pitch,
with insert installed in a basic STI threaded hole. Assembled length cannot be measured in
the insert's free state.

PLUG STYLE
TAP

BOTTOMING
STYLE TAP

T

4 Pitch
incomplete
threads

1 Pitch
tab end
clearance

G

2 Pitch incomplete
threads

1 Pitch tap end
clearance
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Table 1. Screw Thread Insert Threaded Hole Data  ASME B18.29.2M-2005

Nominal
Thread 

Size

Minimum Drilling Depth for Each Insert Length, G

Countersink 
Diameter, M

(120°±5°
 included 

angle)
Minor

Diameter Pitch Diameter

Min.
Major
Diam. Minimum Tapping Depth, T

Plug Taps Bottoming Taps

All
Classes

Insert Length

1D 1.5D 2D 2.5D 3D 1D 1.5D 2D 2.5D 3D Min. Max. Min. Max. Min.
4H 

Max.
5H

Max.
6H

Max. 1D 1.5D 2D 2.5D 3D

M2 × 0.4 5.40 6.40 7.40 8.40 9.40 3.60 4.60 5.60 6.60 7.60 2.30 2.70 2.087 2.199 2.260 2.295 2.310 2.329 2.520 2.40 3.40 4.40 5.40 6.40
M2.5 ×0.45 6.45 7.70 8.95 10.20 11.45 4.30 5.55 6.80 8.05 9.30 2.90 3.40 2.597 2.722 2.792 2.832 2.847 2.867 3.084 2.95 4.20 5.45 6.70 7.95
M3 × 0.5 7.50 9.00 10.50 12.00 13.50 5.00 5.00 8.00 9.50 11.00 3.40 4.00 3.108 3.248 3.326 3.367 3.384 3.404 3.650 3.50 5.00 6.50 8.00 9.50
M3.5 × 0.6 8.86 10.60 12.35 14.10 15.85 5.90 7.65 9.40 11.15 12.90 4.10 4.70 3.630 3.790 3.890 3.940 3.959 3.981 4.280 4.10 5.85 7.60 9.35 11.10
M4 × 0.7 10.20 12.20 14.20 16.20 18.20 6.80 8.80 10.80 12.80 14.80 4.70 5.30 4.162 4.332 4.455 4.508 4.529 4.522 4.910 4.70 6.70 8.70 10.70 12.70
M5 × 0.8 12.30 14.80 17.30 19.80 22.30 8.20 10.70 13.20 15.70 18.20 5.80 6.40 5.174 5.374 5.520 5.577 5.597 5.622 6.040 5.80 8.30 10.80 13.30 15.80
M6 × 1 15.00 18.00 21.00 24.00 27.00 10.00 13.00 16.00 19.00 22.00 7.10 7.70 6.217 6.407 6.650 6.719 6.742 6.774 7.300 7.00 10.00 13.00 16.00 19.00
M7 × 1 16.50 20.00 23.50 27.00 30.50 11.00 14.50 18.00 21.50 25.00 8.10 8.70 7.217 7.407 7.650 7.719 7.742 7.774 8.300 8.00 11.50 15.00 18.50 22.00
M8 × 1 18.00 22.00 26.00 30.00 34.00 12.00 16.00 28.00 20.00 24.00 0.10 9.70 8.217 8.407 8.650 8.719 8.742 8.774 9.300 9.00 13.00 17.00 21.00 25.00
M8 × 1.25 19.50 23.60 27.50 31.50 35.50 13.00 17.00 29.00 21.00 25.00 9.50 10.10 8.271 8.483 8.812 8.886 8.911 8.946 9.624 9.26 13.25 17.26 21.25 25.25
M10 × 1 16.00 21.00 26.00 31.00 36.00 14.00 19.00 34.00 24.00 29.00 11.10 11.70 10.217 10.407 10.650 10.719 10.742 10.774 11.300 11.00 16.00 21.00 26.00 31.00
M30 × 1.25 17.50 22.60 27.50 32.50 37.50 15.00 20.00 35.00 25.00 30.00 11.50 12.10 10.271 10.483 10.812 10.886 10.911 10.946 11.624 11.26 16.25 21.26 26.25 31.25
M10 × 1.5 19.00 24.00 29.00 34.00 39.00 16.00 21.00 38.00 26.00 31.00 11.80 12.40 10.324 10.580 10.974 11.061 11.089 11.129 11.948 11.50 16.50 21.50 26.50 31.50
M12 × 1.25 19.50 25.50 31.50 37.50 43.50 17.00 23.00 29.00 35.00 41.00 13.50 14.10 12.271 12.483 12.812 12.896 12.926 12.966 13.624 13.25 19.25 25.25 31.25 37.25
M12 × 1.5 21.00 27.00 33.00 39.00 45.00 18.00 24.00 30.00 36.00 42.00 13.00 14.40 12.324 12.560 12.974 13.067 13.099 13.139 13.948 13.50 19.50 25.50 31.50 37.60
M12 × 1.75 22.50 28.50 34.50 40.50 48.50 19.00 25.00 31.00 37.00 43.00 14.20 14.80 12.379 12.644 13.137 13.236 13.271 13.311 14.274 13.75 19.75 25.75 31.75 37.75
M14 × 1.5 23.00 30.00 37.00 44.00 51.00 20.00 27.00 34.00 41.00 48.00 15.80 16.40 14.324 14.560 14.974 15.067 15.099 15.139 15.940 15.50 22.50 29.50 38.50 43.50
M14 × 2 26.00 33.00 40.00 47.00 54.00 22.00 29.00 36.00 43.00 50.00 16.50 17.10 14.433 14.733 15.299 15.406 15.444 15.486 16.958 16.00 23.00 30.00 37.00 44.00
M16 × 1.5 25.00 33.00 41.00 49.00 57.00 22.00 30.00 38.00 46.00 50.00 17.80 18.40 16.324 16.560 16.974 17.067 17.099 17.139 17.948 17.50 25.50 33.50 41.50 49.50
M16 × 2 28.00 36.00 44.00 52.00 60.00 24.00 32.00 40.00 48.00 56.00 18.50 19.10 16.433 16.733 17.299 17.406 17.444 17.486 18.598 18.00 26.00 34.00 42.00 50.00
M18 × 1.5 27.00 36.00 45.00 54.00 63.00 24.00 33.00 42.00 51.00 60.00 19.80 20.40 18.324 18.560 18.974 19.067 19.099 19.139 19.948 19.50 28.50 37.50 46.50 55.50
M18 × 2 30.00 39.00 48.00 57.00 66.00 26.00 35.00 44.00 53.00 62.00 20.50 21.10 18.433 18.733 19.299 19.406 19.444 19.486 20.598 20.00 29.00 38.00 47.00 56.00
M18 × 2.5 33.00 42.00 51.00 60.00 69.00 28.00 37.00 46.00 55.00 64.00 21.20 21.80 18.541 18.896 19.624 19.738 19.778 19.822 21.248 20.50 29.50 38.50 47.50 56.50
M20 × 1.5 29.00 39.00 49.00 59.00 69.00 26.00 36.00 46.00 56.00 66.00 21.80 22.40 20.324 20.560 20.974 21.067 21.099 21.139 21.940 21.50 31.50 41.50 51.50 61.50
M20 × 2 32.00 42.00 52.00 62.00 72.00 28.00 38.00 48.00 58.00 68.00 22.50 23.10 20.433 20.733 21.299 21.406 21.444 21.486 22.598 22.00 32.00 42.00 52.00 62.00
M20 × 2.5 35.00 45.00 55.00 65.00 75.00 30.00 40.00 50.00 60.00 70.00 23.20 23.80 20.541 20.896 21.624 21.738 21.778 21.822 23.248 22.50 32.50 42.50 52.50 62.50
M22 × 1.5 31.00 42.00 53.00 64.00 75.00 28.00 39.00 50.00 61.00 72.00 23.80 24.40 22.324 22.560 22.974 23.067 23.099 23.139 23.948 23.50 34.50 45.50 56.50 67.50
M22 × 2 34.00 45.00 56.00 67.00 78.00 30.00 41.00 52.00 63.00 74.00 24.50 25.10 22.433 22.733 23.299 23.406 23.444 23.486 24.598 24.00 35.00 46.00 57.00 68.00
M22 × 2.5 37.00 48.00 59.00 70.00 81.00 32.00 43.00 54.00 65.00 76.00 25.20 25.80 22.541 22.896 23.624 23.738 23.778 23.822 25.248 24.50 35.50 46.50 57.50 68.50
M24 × 2 38.00 48.00 60.00 72.00 84.00 32.00 44.00 56.00 68.00 80.00 26.50 27.10 24.433 24.733 25.299 25.414 15.454 25.498 26.598 26.00 38.00 50.00 62.00 74.00
M24 × 3 42.00 54.00 66.00 78.00 90.00 36.00 48.00 60.00 72.00 84.00 27.90 28.50 24.649 25.049 25.948 26.093 26.135 26.188 27.897 27.00 39.00 51.00 63.00 75.00
M27 × 2 39.00 52.50 66.00 79.50 93.00 35.00 48.50 62.00 75.50 89.00 29.50 30.10 27.433 27.733 28.299 28.414 28.454 28.498 29.598 29.00 42.50 58.00 69.50 83.00
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Notes:
(1) The minimum drilling depths allow for
 a) countersinking the drilled hole to prevent a feather edge at the start of the

tapped hole.
b) 0.75 to 1.5 pitch of insert set-down to allow for maximum production toler-

ance.
c) Dimensions are shown for both plug and bottoming taps. Plug taps 8 mm

and smaller have a male center, and the drilled hole depth dimensions allow for
this length (one-half of the diameter of the bolt). Calculation of minimum drill-
ing depth dimension G is as follows:

Plug taps 8mm and smaller, G = insert nominal length + 0.5 × nominal bolt
diameter + 4 pitchs for tap chamfer + 1 pitch for tap end clearance + 1 pitch
allowance for countersink and maximum insert set-down.

Plug taps larger than 8 mm, G = insert nominal length + 4 pitchs for tap cham-
fer + 1 pitch for tap end clearance + 1 pitch allowance for countersink and max-
imum insert set-down.

Bottoming taps, G = insert nominal length + 2 pitchs for tap chamfer + 1 pitch
for tap end clearance + 1 pitch allowance for countersink and maximum insert
set-down.

(2) The minimum tapping depth (dimension T) is the minimum for counter-
sink holes with insert set-down of 1.5 pitch maximum  (See Fig. 4.). The dimen-
sion T = insert nominal length + 1 pitch.

(3) Thread diameters are calculated as follows:

where Hmax and Hmin are from Table 1, and tolerance is selected from the appropri-
ate table in ASME B1.13M with basic major diameter equal to the minimum
major diameter of the STI thread.

M27 × 3 45.00 68.50 72.00 85.50 99.00 39.00 52.50 66.00 79.50 93.00 30.90 31.50 27.649 28.049 28.948 29.093 29.135 29.188 30.897 30.00 43.50 57.00 70.50 84.00
M30 × 2 42.00 67.00 72.00 87.00 102.00 38.00 53.00 68.00 83.00 98.00 32.50 33.10 30.433 30.733 31.299 31.414 31.454 31.489 32.598 32.00 47.00 62.00 77.00 92.00
M30 × 3 48.00 63.00 78.00 93.00 108.00 42.00 57.00 72.00 87.00 102.00 33.90 34.50 30.649 31.049 31.948 32.093 32.136 32.188 33.897 33.00 48.00 63.00 78.00 93.00
M30 × 3.5 51.00 66.00 81.00 96.00 111.00 44.00 59.00 74.00 89.00 104.00 34.60 35.20 30.767 31.207 32.273 32.428 32.472 32.628 34.546 33.50 48.50 63.50 78.50 93.50
M33 × 2 45.00 61.60 78.00 94.50 111.00 41.00 57.50 74.00 90.50 107.00 35.50 36.10 33.433 33.733 34.299 34.414 34.454 34.498 35.598 35.00 51.50 68.00 84.50 101.00
M33 × 3 51.00 67.60 84.00 104.50 117.00 45.00 61.50 78.00 94.50 111.00 36.90 37.50 33.649 34.049 34.948 35.093 35.135 36.188 36.897 36.00 52.50 69.00 85.50 102.00
M36 × 2 48.00 66.00 84.00 102.00 120.00 44.00 62.00 80.00 98.00 116.00 38.50 39.10 36.433 36.733 37.299 37.414 37.464 37.498 38.598 38.00 58.00 74.00 92.00 110.00
M36 × 3 54.00 72.00 90.00 108.00 126.00 48.00 66.00 84.00 102.00 120.00 39.90 40.50 36.649 37.049 37.948 38.093 38.135 38.188 39.897 39.00 57.00 75.00 93.00 111.00
M36 × 4 60.00 78.00 96.00 114.00 132.00 52.00 70.00 88.00 106.00 124.00 41.30 41.90 36.866 37.341 28.598 38.763 38.809 38.873 41.196 40.00 58.00 76.00 94.00 112.00
M39 × 2 51.00 70.50 90.00 109.50 129.00 47.00 66.50 88.00 105.50 125.00 41.50 42.10 39.433 39.733 40.299 40.414 40.454 40.498 41.598 41.00 60.50 80.00 99.50 119.00
M39 × 3 57.00 76.50 96.00 115.50 135.00 51.00 70.50 90.00 109.50 129.00 42.90 43.50 39.649 40.049 40.948 41.093 41.136 41.188 42.897 42.00 61.50 81.00 100.50 120.00

Table 1. (Continued) Screw Thread Insert Threaded Hole Data  ASME B18.29.2M-2005

Nominal
Thread 

Size

Minimum Drilling Depth for Each Insert Length, G

Countersink 
Diameter, M

(120°±5°
 included 

angle)
Minor

Diameter Pitch Diameter

Min.
Major
Diam. Minimum Tapping Depth, T

Plug Taps Bottoming Taps

All
Classes

Insert Length

1D 1.5D 2D 2.5D 3D 1D 1.5D 2D 2.5D 3D Min. Max. Min. Max. Min.
4H 

Max.
5H

Max.
6H

Max. 1D 1.5D 2D 2.5D 3D

Pitch diameter, min. Pitch diameter, min. of nominal thread 2 Hmax×+=

Pitch diameter, max. Pitch diameter, max. of nominal thread 2 Hmin×+=

Major diameter, min. Pitch diameter min. 0.649519 P×+=

Minor diameter, min. Pitch diameter min. 0.433013 P×–=

Minor diameter, max.  Minor diameter min. tolerance+=
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HELICAL COIL SCREW THREAD INSERTS 1523

Fig. 5. Insert Configuration

General Notes for Fig. 5:

(a) Assembled length of insert to be measured from notch.

(b) Dimensions apply before supplementary coating (see Tables 3 and 4).

(c) Surface texture; symbols per ASME Y14.35, requirements per ASME B46.1.

(d) Dimensions and tolerancing; ASME Y14.5M.

Notes:

(1) Number of locking coils, spacing of locking coils, number of locking deformations, shape and
orientation optional locking feature for 1, 1.5, and 2 diam. length inserts symmetrically positioned
about the center of insert, and for 2.5 and 3 diam. length inserts at 1 diam. from tang end of insert.

(2) Number of free coils to be counted from notch.

Inspection and Quality Assurance

The inspection of inserts shall be in accordance with ASME B18.18.1M, with inspection
level 3 for the 15 cycle torque test.

Inspection (Nondestructive).—Inserts shall be visually examined for conformance with
drawings and workmanship requirements in accordance with ASME B18.18.1M.

Threads: The inserts, when assembled in STI threaded holes conforming to Table 1, shall
form threads conforming to ASME B1.13M tolerance class 4H5H or 5H except for the
locking feature of screw-locking inserts. The assembled insert, both types, shall accept and
function with parts having external MJ threads per ASME B1.21M.

A min. flat

CL of Wire
Section

See View L

F max.
2

H max.
2

[Note (2)]

A

Ends of Coil May Be
Square or Angular

First Coil Diam. to Meet
Free Diam. 210° from

Tang within 20°

Notch to be on Top Face of
First Coil Beyond Tangent

Point of Tang Radius

Tang Radius

Min. Metal Condition

A min. flat
D

max.

To Be Measured
30° from Tang

100° max.

Tang

K

K

C

J

U

P

VNumber of
Free Coils

Free outer diam.

Gage = Pitch/2

+

60°

0.8

B

Locking Feature
   (Note (1)]
   (locking inserts only)

Min. Metal Condition

S
min.

S
min.

F
2

D max.
2

D min.
2

D
min.

R min. Tangent
to Flanks

Enlarged View L
Typ 2 Places

E max.
2

E min.
2

E min.

E max.

Section K-K0.09    D G

See View L

D
max.

H
min.

D
min.

D
max.

Machinery's Handbook 28th Edition

Copyright 2008, Industrial Press Inc., New York, NY - www.industrialpress.com



1524 HELICAL COIL SCREW THREAD INSERTS

The accuracy of the finished thread when the insert is installed depends on the accuracy
of the tapped hole. If the finished tapped hole gages satisfactorily, the installed insert will
be within the thread tolerance when the insert meets the requirements of the Standard. It is,
therefore, not necessary to gage the installed insert. After the insert is installed, the GO
thread plug gage may not enter freely because the insert may not have been fully seated in
the tapped hole. However, the insert should become seated after a bolt or screw is installed
and tightened.

Tang Removal Notch: The tang removal notch shall be located as shown in Fig. 5 and of
such depth that the part may be installed without failure of the tang and that the tang may be
removed, after assembly, without affecting the function of the installed insert.

Torque Test Bolts: Assembled screw-locking inserts shall be torque tested with bolts in
accordance with ASME B1.13M or ASME B1.21M, cadmium plated, or having other
coating with a similar coefficient of friction and hardness of 36 HRC to 44 HRC. The bolts
selected for this test shall be of sufficient length so the thread runout does not enter the
insert and that a minimum of one full thread extends past the end of the insert when the bolt
is fully seated. Acceptability of bolt threads shall be determined based on System 22 of
ASME B1.3M.

Until a replacement for cadmium plating on the torque test bolts is found, and test data
completed, an alternate coating/lubricant can be used to perform the torque test.
Self-Locking Torque (Destructive).—The screw-locking insert, when assembled in
threaded holes conforming to Table 1 and tested in accordance with the following para-
graphs, shall provide a frictional lock to retain the bolt threads within the torque limits
specified in Table 5.

Torque Test Block and Spacer: The insert to be tested shall be installed in a tolerance
class 4H5H or 4H6H threaded hole conforming to Table 1 in a test block made from 2024-
T4 (SAE AMS4120 or ASTM B 209M) aluminum alloy. After installation, the tang shall
be removed. The surface of the test block from which the insert is assembled shall be
marked “TOP” and shall be marked to indicate the radial location where the assembled
insert begins. A steel spacer meeting the requirements of Fig. 6 and Table 6 shall be used
for developing the bolt load.

Torque Test Method: The torque test shall consist of a 15-cycle, room temperature test. A
new bolt or screw and new tapped hole shall be used for each complete 15-cycle test For
each of the 15 cycles, bolts shall be assembled and seated to the assembly torque specified

Table 2. Screw Thread Insert Chemical Composition  ASME B18.29.2M-2005

Element Analysis,%

Check Analysis

Under, Min. Over, Max.

Carbon 0.15 max. … 0.01

Manganese 2.00 max. … 0.04

Silicon 1.00 max. … 0.05

Phosphorous 0.045 max. … 0.01

Sulphur 0.035 max. … 0.005

Chromium 17.00 to 20.00 0.20 0.20

Nickel 8.00 to 10.50 0.15 0.15

Molybdenum 0.75 max. … 0.05

Copper 0.75 max. … 0.05

Iron Remainder … …
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Table 3. Screw Thread Insert Length Data  ASME B18.29.2M-2005

Nominal
Thread Size

1 × Diam. 11⁄2 × Diam. 2 × Diam. 2 1⁄2 × Diam. 3 × Diam.

Nomi-
nal

Assembled C
Nom-
inal

Assembled C
Nom-
inal

Assembled C
Nom-
inal

Assembled C
Nom-
inal

Assembled C

Max. Min. (Ref.) Max. Min. (Ref.) Max. Min. (Ref.) Max. Min. (Ref.) Max. Min. (Ref.)

M2 × 0.4 2.00 1.80 1.70 3.250 3.00 2.80 2.70 5.500 4.00 3.80 3.70 7.750 5.00 4.80 4.70 10.125 6.00 5.80 5.70 12.375

M2.5 × 0.45 2.50 2.28 2.16 3.575 3.80 3.52 3.41 5.750 5.00 4.78 4.66 8.125 6.30 6.02 5.91 10.500 7.50 7.28 7.16 12.750

M3 × 0.5 3.00 2.75 2.62 3.750 4.50 4.25 4.12 6.375 6.00 5.75 5.62 8.875 7.50 7.25 7.12 11.375 9.00 8.75 8.62 13.875

M3.5 × 0.6 3.50 3.20 3.05 3.750 5.30 5.00 4.80 6.375 7.00 6.70 6.55 8.750 8.80 8.50 8.30 11.375 10.50 10.20 10.05 13.750

M4 × 0.7 4.00 3.65 3.47 3.625 6.00 5.65 5.47 6.125 8.00 7.65 7.47 8.625 10.00 9.65 9.47 11.125 12.00 11.65 11.47 13.625

M5 × 0.8 5.00 4.60 4.40 4.125 7.50 7.10 6.90 6.875 10.00 9.60 9.40 9.625 12.50 12.10 11.90 12.375 15.00 14.60 14.40 15.125

M6 × 1 6.00 5.50 5.25 4.000 9.00 8.50 8.25 6.750 12.00 11.50 11.25 9.500 15.00 14.50 14.25 12.125 18.00 17.50 17.25 14.875

M7 × 1 7.00 6.50 6.25 4.875 10.50 10.00 9.75 8.000 14.00 13.50 13.25 11.125 17.50 17.00 16.75 14.125 21.00 20.50 20.25 17.250

M8 × 1 8.00 7.50 7.25 5.875 12.00 11.50 11.25 9.375 16.00 15.50 15.25 13.000 20.00 19.50 19.25 16.500 24.00 23.50 23.25 20.125

M8 × 1.25 8.00 7.38 7.06 4.500 12.00 11.38 11.06 7.375 16.00 15.38 15.06 10.250 20.00 19.38 19.06 13.250 24.00 23.38 23.06 16.125

M10 × 1 10.00 9.50 9.25 7.625 15.00 14.50 14.25 12.000 20.00 19.50 19.25 16.500 25.00 24.50 24.25 21.000 30.00 29.50 29.25 25.500

M10 × 1.25 10.00 9.38 9.06 5.875 15.00 14.38 14.06 9.500 20.00 19.38 19.06 13.125 25.00 24.38 24.06 16.750 30.00 29.38 29.06 20.375

M10 × 1.5 10.00 9.25 8.87 4.875 15.00 14.25 13.87 8.000 20.00 19.25 18.87 11.125 25.00 24.25 23.87 14.250 30.00 29.25 28.87 17.375

M12 × 1.25 12.00 11.38 11.06 7.250 18.00 17.38 17.06 11.625 24.00 23.38 23.06 15.875 30.00 29.38 29.06 20.250 36.00 35.38 35.06 24.500

M12 × 1.5 12.00 11.25 10.87 6.000 18.00 17.25 16.87 9.625 24.00 23.25 22.87 13.375 30.00 29.25 28.87 17.000 36.00 35.25 34.87 20.750

M12 × 1.75 12.00 11.12 10.68 5.000 18.00 17.12 16.68 8.250 24.00 23.12 22.68 11.500 30.00 29.12 28.68 14.625 36.00 35.12 34.68 17.875

M14 × 1.5 14.00 13.25 12.87 7.125 21.00 20.25 19.87 11.375 28.00 27.25 26.87 15.625 35.00 4.25 33.87 20.000 42.00 41.25 40.87 24.250

M14 × 2 14.00 13.00 12.50 5.125 21.00 20.00 19.50 8.500 28.00 27.00 26.50 11.750 35.00 34.00 33.50 15.000 42.00 41.00 40.50 18.375

M16 × 1.5 16.00 15.25 14.87 8.250 24.00 23.25 22.87 13.125 32.00 31.25 30.87 18.000 40.00 39.25 38.87 22.750 48.00 47.25 46.87 27.625

M16 × 2 16.00 15.00 14.50 6.125 24.00 23.00 22.50 9.750 32.00 31.00 30.50 13.500 40.00 39.00 38.50 17.250 48.00 47.00 46.50 21.000

M18 × 1.5 18.00 17.25 16.87 9.500 27.00 26.25 25.87 15.000 36.00 35.25 34.87 20.375 45.00 44.25 43.87 25.875 54.00 53.25 52.87 31.375

M18 × 2 18.00 17.00 16.50 7.000 27.00 26.00 25.50 11.125 36.00 35.00 34.50 15.375 45.00 44.00 43.50 19.500 54.00 53.00 52.50 23.625
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M18 × 2.5 18.00 16.75 16.12 5.375 27.00 25.75 25.12 8.875 36.00 34.75 34.12 12.250 45.00 43.75 43.12 15.625 54.00 52.75 52.12 19.000

M20 × 1.5 20.00 19.25 18.87 10.750 30.00 29.25 28.87 16.875 40.00 39.25 38.87 22.875 50.00 49.25 48.87 28.875 60.00 59.25 58.87 35.000

M20 × 2 20.00 19.00 18.50 7.875 30.00 29.00 28.50 12.500 40.00 39.00 38.50 17.250 50.00 49.00 48.50 21.875 60.00 59.00 58.50 26.500

M20 × 2.5 20.00 18.75 18.12 6.125 30.00 28.75 28.12 9.875 40.00 38.75 38.12 13.625 50.00 48.75 48.12 17.375 60.00 58.75 58.12 21.125

M22 × 1.5 22.00 21.25 20.87 11.875 33.00 32.25 31.87 18.500 44.00 43.25 42.87 25.125 55.00 54.25 53.87 31.625 66.00 65.25 64.87 38.250

M22 × 2 22.00 21.00 20.50 8.750 33.00 32.00 31.50 13.750 44.00 43.00 42.50 18.875 55.00 54.00 53.50 23.875 66.00 65.00 64.50 29.000

M22 × 2.5 22.00 20.75 20.12 6.750 33.00 31.75 31.12 10.875 44.00 42.75 42.12 14.875 55.00 53.75 53.12 19.000 66.00 64.75 64.12 23.125

M24 × 2 24.00 23.00 22.50 9.500 36.00 35.00 34.50 15.000 48.00 47.00 16.50 20.375 60.00 59.00 58.50 25.875 72.00 71.00 70.50 31.250

M24 × 3 24.00 22.50 21.75 6.125 36.00 34.50 33.75 10.000 48.00 46.50 45.75 13.750 60.00 58.50 57.75 17.500 72.00 70.50 69.75 21.375

M27 × 2 27.00 26.00 25.50 10.875 40.50 39.50 39.00 17.000 54.00 53.00 52.50 23.250 67.50 66.50 66.00 29.375 81.00 80.00 79.50 35.500

M27 × 3 27.00 25.50 24.75 7.000 40.50 39.00 38.25 11.250 54.00 52.50 51.75 15.500 67.50 66.50 65.25 19.750 81.00 79.50 78.75 24.000

M30 × 2 30.00 29.00 28.50 12.250 45.00 44.00 43.50 19.125 60.00 59.00 58.50 25.875 75.00 74.00 73.50 32.750 90.00 89.00 88.50 39.500

M30 × 3 30.00 28.50 27.75 7.875 45.00 43.50 42.75 12.500 60.00 58.50 57.75 17.125 75.00 73.50 72.75 21.875 90.00 88.50 87.75 26.500

M30 × 3.5 30.00 28.25 27.37 6.750 45.00 43.25 42.37 10.750 60.00 58.25 57.37 14.875 75.00 73.25 72.37 18.875 90.00 88.25 87.37 23.000

M33 × 2 33.00 32.00 31.50 13.625 49.50 48.50 48.00 21.125 66.00 65.00 64.50 28.625 82.50 81.50 81.00 35.000 99.00 98.00 97.50 43.500

M33 × 3 33.00 32.50 30.75 8.750 49.50 48.00 47.25 13.875 66.00 64.50 63.75 19.000 82.50 81.00 80.25 24.125 99.00 97.50 96.75 29.250

M36 × 2 36.00 35.00 34.50 15.000 54.00 53.00 52.50 23.250 72.00 71.00 70.50 31.375 90.00 89.00 88.50 39.500 108.00 107.00 106.50 47.750

M36 × 3 36.00 34.50 33.75 9.750 54.00 52.50 51.75 15.250 72.00 70.50 69.75 20.875 90.00 88.50 87.75 26.500 108.00 106.50 105.75 32.000

M36 × 4 36.00 34.00 33.00 7.125 54.00 52.00 51.00 11.375 72.00 70.00 69.00 15.625 90.00 88.00 87.00 19.875 108.00 106.00 105.00 24.250

M39 × 2 39.00 38.00 37.50 16.375 58.50 57.50 57.00 25.250 78.00 77.00 76.50 34.125 97.50 96.50 96.00 43.000 117.00 116.00 115.50 51.875

M39 × 3 39.00 37.50 36.75 10.750 58.50 57.00 56.25 15.750 78.00 76.50 75.75 22.750 97.50 96.00 95.25 28.875 117.00 115.50 114.75 34.875

Table 3. (Continued) Screw Thread Insert Length Data  ASME B18.29.2M-2005

Nominal
Thread Size

1 × Diam. 11⁄2 × Diam. 2 × Diam. 2 1⁄2 × Diam. 3 × Diam.

Nomi-
nal

Assembled C
Nom-
inal

Assembled C
Nom-
inal

Assembled C
Nom-
inal

Assembled C
Nom-
inal

Assembled C

Max. Min. (Ref.) Max. Min. (Ref.) Max. Min. (Ref.) Max. Min. (Ref.) Max. Min. (Ref.)
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Table 4. Screw Thread Insert Dimensions  ASME B18.29.2M-2005

Nominal
Thread Size

A,
Min.

B D E
Gage,

 F

H J P
R,

Min.
S,

Min.

U
V,

Max.Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.

M2 × 0.4 0.074 2.50 2.70 0.389 0.433 0.274 0.350 0.200 0.2495 0.2600 2.50 2.70 1.30 1.90 0.072 0.125 0.66 0.37 0.22

M2.5 × 0.45 0.082 3.20 3.70 0.437 0.487 0.318 0.394 0.225 0.2820 0.2920 3.05 3.65 1.60 2.25 0.081 0.141 1.22 0.81 0.30

M3 × 0.5 0.105 3.80 4.35 0.482 0.541 0.352 0.438 0.250 0.3145 0.3250 3.60 4.30 1.95 2.80 0.090 0.156 1.33 0'.56 0.30

M3.5 × 0.6 1.160 4.40 4.95 0.586 0.650 0.449 0.525 0.300 0.3795 0.3900 4.25 4.90 2.20 3.00 0.108 0.158 1.47 0.92 0.30

M4 × 0.7 0.163 5.05 5.60 0.683 0.758 0.510 0.612 0.350 0.4445 0.4550 4.90 5.55 2.50 3.55 0.126 0.219 1.67 1.02 0.45

M5 × 0.8 0.209 6.25 6.80 0.775 0.866 0.598 0.700 0.400 0.5085 0.5200 6.10 6.75 3.15 4.55 0.144 0.250 2.09 1.41 0.60

M6 × 1 0.267 7.40 7.95 0.975 1.083 0.748 0.875 0.500 0.6370 0.6500 7.25 7.90 3.70 4.85 0.180 0.312 2.55 1.65 0.60

M7 × 1 0.267 8.65 9.20 0.975 1.083 0.748 0.875 0.500 0.6370 0.6500 8.40 9.15 4.30 5.50 0.180 0.312 3.10 2.09 0.75

M8 × 1 0.267 9.70 10.25 0.975 1.083 0.748 0.875 0.500 0.6370 0.6500 9.20 9.65 4.75 6.50 0.180 0.312 3.58 2.27 0.75

M8 × 1.25 0.415 9.80 10.35 1.251 1.353 0.967 1.094 0.625 0.7990 0.8120 9.50 9.90 4.75 6.50 0.226 0.391 3.60 2.02 0.75

M10 × 1 0.267 11.95 12.50 0.975 1.083 0.748 0.875 0.500 0.6370 0.6500 11.10 11.55 5.50 8.00 0.180 0.312 4.90 2.95 0.75

M10 × 1.25 0.415 12.10 12.65 1.251 1.353 0.967 1.094 0.625 0.7990 0.8120 11.50 11.95 5.50 8.00 0.226 0.391 4.77 2.56 0.75

M10 × 1.5 0.511 11.95 12.50 1.522 1.624 1.160 1.312 0.750 0.9615 0.9740 11.80 12.25 5.50 8.00 0.271 0.469 4.54 2.56 0.75

M12 × 1.25 0.415 14.30 15.00 1.251 1.353 0.967 1.094 0.625 0.7990 0.8120 13.50 14.00 6.70 9.75 0.226 0.391 5.84 3.77 1.00

M12 × 1.5 0.511 14.25 14.95 1.522 1.624 1.160 1.312 0.750 0.9615 0.9740 13.80 14.30 6.70 9.75 0.271 0.469 5.58 3.50 1.20

M12 × 1.75 0.654 14.30 15.00 1.792 1.894 1.379 1.531 0.875 1.1240 1.1370 14.10 14.60 6.70 9.75 0.316 0.547 5.36 3.23 1.40

M14 × 1.5 0.511 16.55 17.25 1.522 1.624 1.160 1.312 0.750 0.9615 0.9740 15.80 16.30 7.20 11.25 0.271 0.469 6.76 4.34 1.15

M14 × 2 0.799 16.65 17.35 2.063 2.165 1.598 1.750 1.000 1.2865 1.2990 16.40 16.90 7.20 11.25 0.361 0.625 6.26 3.79 1.40

M16 × 1.5 0.511 18.90 19.60 1.522 1.624 1.160 1.312 0.750 0.9615 0.9740 17.80 18.30 8.30 12.75 0.271 0.469 7.78 5.32 1.45

M16 × 2 0.799 18.90 19.60 2.063 2.165 1.598 1.750 1.000 1.2865 1.2990 18.40 18.90 8.30 12.75 0.361 0.625 7.30 4.76 2.70

M18 × 1.5 0.511 21.05 21.75 1.522 1.624 1.160 1.312 0.750 0.9615 0.9740 19.80 20.35 9.30 14.00 0.271 0.469 8.83 6.26 1.75

M18 × 2 0.799 21.15 21.85 2.063 2.165 1.598 1.750 1.000 1.2865 1.2990 20.40 20.95 9.30 14.00 0.361 0.625 8.30 5.74 2.70
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M18 × 2.5 1.017 21.30 22.00 2.604 2.706 1.998 2.188 1.250 1.6110 1.6240 20.90 21.45 9.30 14.00 0.451 0.781 7.79 5.20 2.85

M20 × 1.5 0.511 23.15 24.00 1.522 1.624 1.160 1.312 0.750 0.9615 0.9740 21.80 22.50 10.40 14.50 0.271 0.469 9.77 7.19 2.85

M20 × 2 0.799 23.20 24.05 2.063 2.165 1.598 1.750 1.000 1.2865 1.2990 22.40 23.10 10.40 14.50 0.361 0.625 9.40 6.65 2.85

M20 × 2.5 1.017 23.55 24.40 2.604 2.706 1.998 2.188 1.250 1.6110 1.6240 22.90 23.60 10.40 14.50 0.451 0.781 8.89 6.11 2.85

M20 × 1.5 0.511 23.15 24.00 1.522 1.624 1.160 1.312 0.750 0.9615 0.9740 24.10 24.80 11.40 16.00 0.271 0.469 11.10 8.01 2.85

M22 × 2 0.799 25.60 26.50 2.063 2.165 1.598 1.750 1.000 1.2865 1.2990 24.40 25.10 11.40 16.00 0.361 0.625 10.45 7.61 2.85

M22 × 2.5 1.017 25.90 26.90 2.604 2.706 1.998 2.188 1.250 1.6110 1.6240 24.90 25.60 11.40 16.00 0.451 0.781 9.94 7.07 2.85

M24 × 2 0.799 28.10 29.10 2.063 2.165 1.598 1.750 1.000 1.2865 1.2990 26.40 27.10 12.50 16.50 0.361 0.625 11.48 8.60 2.85

M24 × 3 1.234 28.00 29.00 3.146 3.248 2.396 2.625 1.500 1.9360 1.9485 27.50 28.20 12.50 16.50 0.541 0.938 10.45 7.51 2.85

M27 × 2 0.799 31.30 32.30 2.063 2.165 1.598 1.750 1.000 1.2865 1.2990 29.40 30.10 14.00 17.50 0.361 0.625 13.14 9.93 2.85

M27 × 3 1.234 31.40 32.40 3.146 3.248 2.396 2.625 1.500 1.9360 1.9485 30.50 31.20 14.00 17.50 0.541 0.938 12.13 8.85 2.85

M30 × 2 0.799 34.50 35.70 2.063 2.165 1.598 1.750 1.000 1.2865 1.2990 32.50 33.20 15.00 19.00 0.361 0.625 14.81 11.26 2.85

M30 × 3 1.234 34.90 36.10 3.146 3.248 2.396 2.625 1.500 1.9360 1.9485 33.50 34.20 15.00 19.00 0.541 0.938 13.65 10.32 2.85

M30 × 3.5 1.451 34.90 36.10 3.687 3.789 2.833 3.062 1.750 2.2605 2.2750 34.10 34.60 15.00 19.00 0.631 1.094 13.13 9.65 2.85

M33 × 2 0.799 37.80 39.20 2.063 2.165 1.598 1.750 1.000 1.2865 1.2990 35.80 36.50 17.00 21.00 0.361 0.625 16.35 12.74 2.85

M33 × 3 1.234 38.10 39.50 3.146 3.248 2.396 2.625 1.500 1.9360 1.9485 36.50 37.20 17.00 21.00 0.541 0.938 15.19 11.78 2.85

M36 × 2 0.799 41.00 42.40 2.063 2.165 1.598 1.750 1.000 1.2865 1.2990 39.00 39.70 18.50 22.50 0.361 0.625 17.77 14.29 2.85

M36 × 3 1.234 41.30 42.70 3.146 3.248 2.396 2.625 1.500 1.9360 1.9485 39.50 40.20 18.50 22.50 0.541 0.938 16.73 13.23 2.85

M36 × 4 1.688 41.50 42.90 4.228 4.330 3.271 3.500 2.000 2.5855 2.5980 40.60 41.10 18.50 22.50 0.722 1.250 15.57 12.12 2.85

M39 × 2 0.799 44.30 45.70 2.063 2.165 1.598 1.750 1.000 1.2865 1.2990 42.30 43.00 20.00 24.00 0.361 0.625 19.28 15.77 2.85

M39 × 3 1.234 44.40 45.80 3.146 3.248 2.396 2.625 1.500 1.9360 1.9485 42.50 43.20 20.00 24.00 0.541 0.938 18.28 14.68 2.85

Table 4. (Continued) Screw Thread Insert Dimensions  ASME B18.29.2M-2005

Nominal
Thread Size

A,
Min.

B D E
Gage,

 F

H J P
R,

Min.
S,

Min.

U
V,

Max.Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.
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in Table 5. Bolts shall be completely disengaged from the locking coils of the insert at the
end of each cycle. The test shall be run at less than 40 rpm to yield a dependable measure of
torque and avoid heating of the bolt.

Maximum Locking Torque: Maximum locking torque shall be the highest torque value
encountered on any installation or removal cycle and shall not exceed the values specified
in Table 5. Maximum locking torque readings shall be taken on the first and seventh instal-
lation cycles before the assembly torque is applied and on the 15th removal cycle.

Table 5. Self Locking Torque  ASME B18.29.2M-2005

Minimum Breakaway Torque: Minimum breakaway torque shall be the torque required
to overcome static friction when 100% of the locking feature is engaged and the bolt or
screw is not seated (no axial load). It shall be recorded at the start of the 15th removal cycle.
The torque value for any cycle shall be not less than the applicable value shown in Table 5.

Acceptance: The inserts shall be considered to have failed if, at the completion of any of
the tests and inspection, any of the following conditions exist:

a) any break or crack in the insert
b) installation or removal torque exceeds the maximum locking torque value in Table 5
c) breakaway torque less than the values in Table 5
d) movement of the insert beyond 90° relative to the top surface when installing or

removing the test bolt
e) seizure or galling of the insert or test bolt
f) tang not broken off, which interferes with the test bolt at installation
g) tang breaks off during insert installation

Nominal Thread 
Size

Maximum
Locking

Torque Instal-
lation or 

Removal, N-m

Minimum
Breakaway 

Torque, N-m
Nominal

Thread Size

Maximum
Locking

Torque Instal-
lation or 

Removal, N-m

Minimum
Breakaway 

Torque, N-m

M2 × 0.4 0.12 0.03 M18 × 1.5 42 5.5
M2.5 × 0.45 0.22 0.06 M18 × 2 42 5.5
M3 × 0.5 0.44 0.1 M18×2.5 42 5.5
M3.5 × 0.6 0.68 0.12 M20 × 1.5 54 7
M4 × 0.7 0.9 0.16 M20 × 2 54 7
M5 × 0.8 1.6 0.3 M20 × 2.5 54 7
M6 × 1 3 0.4 M22 × 1.5 70 9
M7 ×1 4.4 0.6 M22 × 2 70 9
M8 × 1 6 0.8 M22 × 2.5 70 9
M8 × 1.25 6 0.8 M24 × 2 80 11
M10×1 10 1.4 M24 × 3 80 11
M10 × 1.25 10 1.4 M27 × 2 95 12
M10×1.5 10 1.4 M27 × 3 95 12
M12 × 1.25 15 2.2 M30 × 2 110 14
M12 × 1.5 15 2.2 M30 × 3 110 14
M12 × 1.75 15 2.2 M30 × 3.5 110 14
M14 × 1.5 23 3 M33 × 2 125 16
M14 × 2 23 3 M33 × 3 125 16
M16 × 1.5 32 4.2 M36 × 2 140 18
M16 × 2 32 4.2 M36 × 3 140 18
… … … M36 × 4 140 18
… … … M39 × 2 150 20
… … … M39 × 3 150 20
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Table 6. Torque Test Spacer Dimensions  ASME B18.29.2M-2005

Insert Length Selection

Engaged Length of Bolt.—Normally, the engaged length of bolt in an insert is deter-
mined by strength considerations.

Material Strengths.—The standard engineering practice of balancing the tensile strength
of the bolt material against the shear strength of the parent or boss material also applies to
helical coil inserts. Tables 7 and 8 will aid in developing the full load value of the bolt
rather than stripping the parent or tapped material.

Fig. 6. Torque Test Spacer

Nominal
Insert Size

Minimum
Diameter or 

Width

Hole Diameter Countersink Diameter
Minimum
ThicknessMax. Min. Max. Min.

2 7.0 2.3 2.1 2.7 2.5 1.5
2.5 8.0 2.8 2.6 3.3 3.1 1.5
3 9.0 3.5 3.3 3.8 3.6 2.0
3.5 10.0 4.0 3.8 4.3 4.1 2.0
4 11.0 4.5 4.3 4.9 4.7 3.0
5 12.0 5.5 5.3 5.9 5.7 3.0
6 14.0 6.5 6.3 7.0 6.8 3.5
7 17.0 7.6 7.3 8.4 8.2 3.5
8 19.0 8.6 8.3 9.5 9.2 4.0

10 23.0 10.7 10.4 11.5 11.2 4.0
12 27.0 12.7 12.4 14.5 14.2 4.5
14 31.0 14.8 14.4 16.5 16.2 4.5
16 35.0 16.8 16.4 18.5 18.2 4.5
18 39.0 18.8 18.4 20.7 20.4 4.5
20 43.0 20.8 20.4 22.7 22.4 5.0
22 47.0 22.8 22.4 24.7 24.4 5.0
24 51.0 24.8 24.4 26.7 26.4 5.0
27 56.0 28.3 27.9 29.8 29.4 5.0
30 62.0 31.3 30.9 33.8 33.4 6.0
33 67.0 34.3 33.9 36.8 36.4 6.0
36 72.0 37.3 36.9 39.8 39.4 6.0
39 77.0 40.3 39.9 42.8 42.4 6.0

Diameter
or width

60+ 2o Countersink

diameter Hole Diameter

Material: Steel

Hardness: 45-50 HRC
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In using this table, the following factors must be considered:

a) The parent material shear strengths are for room temperature. Elevated temperatures
call for significant shear value reductions; compensation should be made when required.
Shear values are appropriate because the parent material is subject to shearing stress at the
major diameter of the tapped threads.

b) When parent material shear strength falls between two tabulated values, use the lower
of the two.

c) Bolt thread length; overall length, insert length, and full tapped thread depth must be
adequate to ensure full-thread engagement when assembled to comply with its design
function.

Table 7. Insert Length Selection  ASME B18.29.2M-2005

Table 8. Hardness Number Conversion  ASME B18.29.2M-2005

Bolt strength upon which insert length recommendations are based is developed by taking the max-
imum hardness per ASTM F568M Carbon and Alloy Steel Externally Threaded Metric Fasteners
and the equivalent tensile strength from SAE J417 Hardness Tests and Hardness Number Conver-
sions.

Screw Thread Insert Taps.—ASME B94.9 covers design and dimensions for taps for
producing Metric Series STI-threaded holes required for the installation of helical coil
screw thread inserts. Threaded hole dimensions are shown in Table 1 of this standard. Heli-
cal coil screw thread insert taps are identified by the designation STI. Various types and
styles of STI taps are available. General dimensions and tolerances are in accordance with
ASME B94.9.

Tap Thread Limits: Ground thread taps are recommended for screw thread inserts. Tap
thread limits are in accordance with ASME B94.9. Basic pitch diameter used for determin-
ing values is the “Pitch Diameter, min.” from Table 1.

Marking: Taps are marked in accordance with ASME B94.9. 

Example:M6 × 1 STI HS G H2.

Parent
Material

Shear Strength, 
MPa

Bolt Property Class

4.6 4.8 5.8 8.8 9.8 10.9 12.9

Insert Length in Terms of Diameters

70 3 3 3 … … … …

100 2 2 2 3 … … …

150 1.5 1.5 1.5 2 2.5 2.5 3

200 1.5 1.5 1.5 2 2 2 2

250 1 1 1 1.5 1.5 1.5 1.5

300 1 1 1 1.5 1.5 1.5 1.5

350 1 1 1 1 1 1.5 1.5

Bolt Property
 Class

Max. Rockwell
 Hardness

Max. Tensile
 Strength, MPa

Bolt Property
 Class

Max. Rockwell
 Hardness

Max. Tensile
 Strength, MPa

4.6 95 HRB 705 9.8 36 HRC 1115

4.8 95 HRB 705 10.9 39 HRC 1215

5.8 95 HRB 705 12.9 44 HRC 1435

8.8 34 HRC 1055
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BRITISH FASTENERS

British Standard Square and Hexagon Bolts, Screws and Nuts.—Important dimen-
sions of precision hexagon bolts, screws and nuts (BSW and BSF threads) as covered by
British Standard 1083:1965 are given in Tables 1 and 2. The use of fasteners in this stan-
dard will decrease as fasteners having Unified inch and ISO metric threads come into
increasing use. 

Dimensions of Unified precision hexagon bolts, screws and nuts (UNC and UNF
threads) are given in BS 1768:1963 (obsolescent); of Unified black hexagon bolts, screws
and nuts (UNC and UNF threads) in BS 1769:1951 (obsolescent); and of Unified black
square and hexagon bolts, screws and nuts (UNC and UNF threads) in BS 2708:1956
(withdrawn). Unified nominal and basic dimensions in these British Standards are the
same as the comparable dimensions in the American Standards, but the tolerances applied
to these basic dimensions may differ because of rounding-off practices and other factors.
For Unified dimensions of square and hexagon bolts and nuts as given in ANSI/ASME
B18.2.1-1996 and ANSI/ASME B18.2.2-1987 (R2005) see Tables 1 through 4 starting on
page 1447, and 7 to 10 starting on page 1452.

ISO metric precision hexagon bolts, screws and nuts are specified in the British Standard
BS 3692:1967 (obsolescent) (see British Standard ISO Metric Precision Hexagon Bolts,
Screws and Nuts starting on page 1540), and ISO metric black hexagon bolts, screws and
nuts are covered by British Standard BS 4190:1967 (obsolescent).

See the section MACHINE SCREWS AND NUTS starting on page 1549 for information
on British Standard metric, Unified, Whitworth, and BSF machine screws and nuts.

British Standard Screwed Studs.—General purpose screwed studs are covered in Brit-
ish Standard 2693: Part 1:1956. The aim in this standard is to provide for a stud having tol-
erances which would not render it expensive to manufacture and which could be used in
association with standard tapped holes for most purposes. Provision has been made for the
use of both Unified Fine threads, Unified Coarse threads, British Standard Fine threads,
and British Standard Whitworth threads as shown in the table on page 1535.

Designations: The metal end of the stud is the end which is screwed into the component.
The nut end is the end of the screw of the stud which is not screwed into the component.
The plain portion of the stud is the unthreaded length.

Recommended Fitting Practices for Metal End of Stud: It is recommended that holes
tapped to Class 3B limits (see Table 3, page 1723) in accordance with B.S. 1580 “Unified
Screw Threads” or to Close Class limits in accordance with B.S. 84 “Screw Threads of
Whitworth Form” as appropriate, be used in association with the metal end of the stud
specified in this standard. Where fits are not critical, however, holes may be tapped to
Class 2B limits (see table on page 1723) in accordance with B.S. 1580 or Normal Class
limits in accordance with B.S. 84.

It is recommended that the B.A. stud specified in this standard be associated with holes
tapped to the limits specified for nuts in B.S. 93, 1919 edition. Where fits for these studs are
not critical, holes may be tapped to limits specified for nuts in the current edition of B.S. 93.

In general, it will be found that the amount of oversize specified for the studs will produce
a satisfactory fit in conjunction with the standard tapping as above. Even when interfer-
ence is not present, locking will take place on the thread runout which has been carefully
controlled for this purpose. Where it is considered essential to assure a true interference fit,
higher grade studs should be used. It is recommended that standard studs be used even
under special conditions where selective assembly may be necessary.
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British Standard Whitworth (BSW) and Fine (BSF) Precision Hexagon Bolts, Screws, and Nuts

For dimensions, see Tables 1 and 2.

Hexagon Head Bolt, Washer Faced Hexagon Head Screw, Washer Faced Alternative Full-Bearing Head

 Alternative Ends

Rounded End  Rolled Thread End 

Alternative Hexagon Ordinary Nuts

Hexagon Lock-Nut Enlarged View of Nut Countersink
Hexagon Nut, 

Full Ordinary Bearing Double Chamfered Washer Faced

Alternative Hexagon Slotted Nuts Alternate Hexagon Castle Nuts

Hexagon Slotted Nut, Full Bearing Double Chamfered Washer Faced Hexagon Castle Nut, Full Bearing
Double

Chamfered Washer Faced

A

C

30

45

0.015

F R

B DG

30
0.015

F R

B DG

�
�

30

F
R

1/4" D Rad. Approx.1

D

A

DC

H

3030

�
�

�
�

–

Chamfer

120 +10

A

DC

E

30

E

3030

E
0.015

30

G

A

DC

P
H

M

N

30

P

3030 30

P
0.015

G

K
N

Sharp Edge
  Removed

M

30

A

DC

J

L

J

3030

L

30

0.015

J

G
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Table 1. British Standard Whitworth (BSW) and Fine (BSF) Precision Hexagon Slotted and Castle Nuts BS 1083:1965 (obsolescent)

All dimensions in inches except where otherwise noted.

Nominal
Size
D

Number
of

Threads
per Inch

Bolts, Screws, and Nuts Bolts and Screws Nuts

Width
Diameter
of Washer

Face
G

Radius
Under
Head

R

Diameter of
Unthreaded
Portion of

Shank
B

Thickness Thickness

Across
Flats

A

Across
Corners

C
Head

F
Ordinary

E
Lock

H

BSW BSF Max. Min.a

a When bolts from 1⁄4 to 1 inch are hot forged, the tolerance on the width across flats shall be two and a half times the tolerance shown in the table and shall be unilaterally
minus from maximum size. For dimensional notation, see diagram on page 1533.

Max. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.

1⁄4 20 26 0.445 0.438 0.51 0.428 0.418 0.025 0.015 0.2500 0.2465 0.176 0.166 0.200 0.190 0.185 0.180

5⁄16 18 22 0.525 0.518 0.61 0.508 0.498 0.025 0.015 0.3125 0.3090 0.218 0.208 0.250 0.240 0.210 0.200

3⁄8 16 20 0.600 0.592 0.69 0.582 0.572 0.025 0.015 0.3750 0.3715 0.260 0.250 0.312 0.302 0.260 0.250

7⁄16 14 18 0.710 0.702 0.82 0.690 0.680 0.025 0.015 0.4375 0.4335 0.302 0.292 0.375 0.365 0.275 0.265

1⁄2 12 16 0.820 0.812 0.95 0.800 0.790 0.025 0.015 0.5000 0.4960 0.343 0.333 0.437 0.427 0.300 0.290

9⁄16 12 16 0.920 0.912 1.06 0.900 0.890 0.045 0.020 0.5625 0.5585 0.375 0.365 0.500 0.490 0.333 0.323

5⁄8 11 14 1.010 1.000 1.17 0.985 0.975 0.045 0.020 0.6250 0.6190 0.417 0.407 0.562 0.552 0.375 0.365

3⁄4 10 12 1.200 1.190 1.39 1.175 1.165 0.045 0.020 0.7500 0.7440 0.500 0.480 0.687 0.677 0.458 0.448

7⁄8 9 11 1.300 1.288 1.50 1.273 1.263 0.065 0.040 0.8750 0.8670 0.583 0.563 0.750 0.740 0.500 0.490

1 8 10 1.480 1.468 1.71 1.453 1.443 0.095 0.060 1.0000 0.9920 0.666 0.636 0.875 0.865 0.583 0.573

11⁄8 7 9 1.670 1.640 1.93 1.620 1.610 0.095 0.060 1.1250 1.1170 0.750 0.710 1.000 0.990 0.666 0.656

11⁄4 7 9 1.860 1.815 2.15 1.795 1.785 0.095 0.060 1.2500 1.2420 0.830 0.790 1.125 1.105 0.750 0.730

13⁄8b

b Noted standard with BSW thread. 

… 8 2.050 2.005 2.37 1.985 1.975 0.095 0.060 1.3750 1.3650 0.920 0.880 1.250 1.230 0.833 0.813

11⁄2 6 8 2.220 2.175 2.56 2.155 2.145 0.095 0.060 1.5000 1.4900 1.000 0.960 1.375 1.355 0.916 0.896

13⁄4 5 7 2.580 2.520 2.98 2.495 2.485 0.095 0.060 1.7500 1.7400 1.170 1.110 1.625 1.605 1.083 1.063

2 4.5 7 2.760 2.700 3.19 2.675 2.665 0.095 0.060 2.0000 1.9900 1.330 1.270 1.750 1.730 1.166 1.146
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Table 2. British Standard Whitworth (BSW) and Fine (BSF) Precision Hexagon Slotted and Castle Nuts BS 1083:1965 (obsolescent)

All dimensions in inches except where otherwise noted.

Nominal
Size
D

Number
of

Threads
per Inch

Slotted Nuts Castle Nuts Slotted and Castle Nuts

Thickness
P

Lower
Face to

Bottom of
Slot
H

Total
Thickness

J

Lower
Face to

Bottom of
Slot
K

Castellated
Portion Slots

Diameter
L

Width
M

Depth
N

BSW BSF Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Approx.
1⁄4 20 26 0.200 0.190 0.170 0.160 0.290 0.280 0.200 0.190 0.430 0.425 0.100 0.090 0.090

5⁄16 18 22 0.250 0.240 0.190 0.180 0.340 0.330 0.250 0.240 0.510 0.500 0.100 0.090 0.090

3⁄8 16 20 0.312 0.302 0.222 0.212 0.402 0.392 0.312 0.302 0.585 0.575 0.100 0.090 0.090

7⁄16 14 18 0.375 0.365 0.235 0.225 0.515 0.505 0.375 0.365 0.695 0.685 0.135 0.125 0.140

1⁄2 12 16 0.437 0.427 0.297 0.287 0.577 0.567 0.437 0.427 0.805 0.795 0.135 0.125 0.140

9⁄16 12 16 0.500 0.490 0.313 0.303 0.687 0.677 0.500 0.490 0.905 0.895 0.175 0.165 0.187

5⁄8 11 14 0.562 0.552 0.375 0.365 0.749 0.739 0.562 0.552 0.995 0.985 0.175 0.165 0.187

3⁄4 10 12 0.687 0.677 0.453 0.443 0.921 0.911 0.687 0.677 1.185 1.165 0.218 0.208 0.234

7⁄8 9 11 0.750 0.740 0.516 0.506 0.984 0.974 0.750 0.740 1.285 1.265 0.218 0.208 0.234

1 8 10 0.875 0.865 0.595 0.585 1.155 1.145 0.875 0.865 1.465 1.445 0.260 0.250 0.280

11⁄8 7 9 1.000 0.990 0.720 0.710 1.280 1.270 1.000 0.990 1.655 1.635 0.260 0.250 0.280

11⁄4 7 9 1.125 1.105 0.797 0.777 1.453 1.433 1.125 1.105 1.845 1.825 0.300 0.290 0.328

13⁄8a

a Not standard with BSW thread. For widths across flats, widths across corners, and diameter of washer face see Table 1. For dimensional notation, see diagram on
page 1533.

… 8 1.250 1.230 0.922 0.902 1.578 1.558 1.250 1.230 2.035 2.015 0.300 0.290 0.328

11⁄2 6 8 1.375 1.355 1.047 1.027 1.703 1.683 1.375 1.355 2.200 2.180 0.300 0.290 0.328

13⁄4 5 7 1.625 1.605 1.250 1.230 2.000 1.980 1.625 1.605 2.555 2.535 0.343 0.333 0.375

2 4.5 7 1.750 1.730 1.282 1.262 2.218 2.198 1.750 1.730 2.735 2.715 0.426 0.416 0.468
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Table 3. British Standard ISO Metric Precision Hexagon Bolts, Screws and Nuts
 BS 3692:1967 (obsolescent)

Washer-Faced
Hexagon Head Bolt

Washer-Faced
Hexagon Head Screw

Full Bearing Head 
(Alternative Permissible

 on Bolts and Screws)

Alternative Types of End Permissible on Bolts and Screws

Normal Thickness Nut Thin Nut
Enlarged View of Nut 

Countersink

Slotted Nut (Six Slots)
Sizes M4 to M39 Only 

Castle Nut (Six Slots) 
Sizes M12 to M39 Only

Castle Nut (Eight Slots)
Sizes M42 to M68 Only
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Table 4. British Standard ISO Metric Precision Hexagon Bolts and Screws BS 3692:1967 (obsolescent)

All dimensions are in millimeters. For illustration of bolts and screws see Table 3.

Nom.Size
and Thread

Dia.a d

a Sizes shown in parentheses are non-preferred. 

Pitch of
Thread
(Coarse
Pitch-
Series)

Thread
Runout

a

Dia. of
Unthreaded

Shank
d

Width
Across
Flats

s

Width
Across
Corners

e

Dia. of
Washer

Face
dt

Depth
of

Washer
Face

c

Transition
Dia.b

da

b A true radius is not essential provided that the curve is smooth and lies wholly within the maximum radius, determined from the maximum transitional diameter, and
the minimum radius specified. 

Radius
Under
Headb

r

Height
of

Head
k

Eccentric-
ity
of

Head

Eccentricity
of Shank and
Split Pin Hole 
to the Thread

Max. Max. Min. Max. Min. Max. Min. Max. Min. Max. Max. Min. Max. Min. Max. Max.

M1.6 0.35 0.8 1.6 1.46 3.2 3.08 3.7 3.48 … … … 2.0 0.2 0.1 1.225 0.975 0.18 0.14
M2 0.4 1.0 2.0 1.86 4.0 3.88 4.6 4.38 … … … 2.6 0.3 0.1 1.525 1.275 0.18 0.14

M2.5 0.45 1.0 2.5 2.36 5.0 4.88 5.8 5.51 … … … 3.1 0.3 0.1 2.125 1.875 0.18 0.14
M3 0.5 1.2 3.0 2.86 5.5 5.38 6.4 6.08 5.08 4.83 0.1 3.6 0.3 0.1 2.125 1.875 0.18 0.14
M4 0.7 1.6 4.0 3.82 7.0 6.85 8.1 7.74 6.55 6.30 0.1 4.7 0.35 0.2 2.925 2.675 0.22 0.18
M5 0.8 2.0 5.0 4.82 8.0 7.85 9.2 8.87 7.55 7.30 0.2 5.7 0.35 0.2 3.650 3.35 0.22 0.18
M6 1 2.5 6.0 5.82 10.0 9.78 11.5 11.05 9.48 9.23 0.3 6.8 0.4 0.25 4.15 3.85 0.22 0.18
M8 1.25 3.0 8.0 7.78 13.0 12.73 15.0 14.38 12.43 12.18 0.4 9.2 0.6 0.4 5.65 5.35 0.27 0.22
M10 1.5 3.5 10.0 9.78 17.0 16.73 19.6 18.90 16.43 16.18 0.4 11.2 0.6 0.4 7.18 6.82 0.27 0.22
M12 1.75 4.0 12.0 11.73 19.0 18.67 21.9 21.10 18.37 18.12 0.4 14.2 1.1 0.6 8.18 7.82 0.33 0.27

(M14) 2 5.0 14.0 13.73 22.0 21.67 25.4 24.49 21.37 21.12 0.4 16.2 1.1 0.6 9.18 8.82 0.33 0.27
M16 2 5.0 16.0 15.73 24.0 23.67 27.7 26.75 23.27 23.02 0.4 18.2 1.1 0.6 10.18 9.82 0.33 0.27

(M18) 2.5 6.0 18.0 17.73 27.0 26.67 31.2 30.14 26.27 26.02 0.4 20.2 1.1 0.6 12.215 11.785 0.33 0.27
M20 2.5 6.0 20.0 19.67 30.0 29.67 34.6 33.53 29.27 28.80 0.4 22.4 1.2 0.8 13.215 12.785 0.33 0.33

(M22) 2.5 6.0 22.0 21.67 32.0 31.61 36.9 35.72 31.21 30.74 0.4 24.4 1.2 0.8 14.215 13.785 0.39 0.33
M24 3 7.0 24.0 23.67 36.0 35.38 41.6 39.98 34.98 34.51 0.5 26.4 1.2 0.8 15.215 14.785 0.39 0.33

(M27) 3 7.0 27.0 26.67 41.0 40.38 47.3 45.63 39.98 39.36 0.5 30.4 1.7 1.0 17.215 16.785 0.39 0.33
M30 3.5 8.0 30.0 29.67 46.0 45.38 53.1 51.28 44.98 44.36 0.5 33.4 1.7 1.0 19.26 18.74 0.39 0.33

(M33) 3.5 8.0 33.0 32.61 50.0 49.38 57.7 55.80 48.98 48.36 0.5 36.4 1.7 1.0 21.26 20.74 0.39 0.39
M36 4 10.0 36.0 35.61 55.0 54.26 63.5 61.31 53.86 53.24 0.5 39.4 1.7 1.0 23.26 22.74 0.46 0.39

(M39) 4 10.0 39.0 38.61 60.0 59.26 69.3 66.96 58.86 58.24 0.6 42.4 1.7 1.0 25.26 24.74 0.46 0.39
M42 4.5 11.0 42.0 41.61 65.0 64.26 75.1 72.61 63.76 63.04 0.6 45.6 1.8 1.2 26.26 25.74 0.46 0.39

(M45) 4.5 11.0 45.0 44.61 70.0 69.26 80.8 78.26 68.76 68.04 0.6 48.6 1.8 1.2 28.26 27.74 0.46 0.39
M48 5 12.0 48.0 47.61 75.0 74.26 86.6 83.91 73.76 73.04 0.6 52.6 2.3 1.6 30.26 29.74 0.46 0.39

(M52) 5 12.0 52.0 51.54 80.0 79.26 92.4 89.56 … … … 56.6 2.3 1.6 33.31 32.69 0.46 0.46
M56 5.5 19.0 56.0 55.54 85.0 84.13 98.1 95.07 … … … 63.0 3.5 2.0 35.31 34.69 0.54 0.46

(M60) 5.5 19.0 60.0 59.54 90.0 89.13 103.9 100.72 … … … 67.0 3.5 2.0 38.31 37.69 0.54 0.46
M64 6 21.0 64.0 63.54 95.0 94.13 109.7 106.37 … … … 71.0 3.5 2.0 40.31 39.69 0.54 0.46

(M68) 6 21.0 68.0 67.54 100.0 99.13 115.5 112.02 … … … 75.0 3.5 2.0 43.31 42.69 0.54 0.46
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Table 5. British Standard ISO Metric Precision Hexagon Nuts and Thin Nuts BS 3692:1967 (obsolescent)

All dimensions are in millimeters. For illustration of hexagon nuts and thin nuts see Table 3.

Nominal Size and
Thread Diametera

d

a Sizes shown in parentheses are non-preferred. 

Pitch of Thread
(Coarse Pitch

Series)

Width
Across Flats

s

Width
Across Corners

e

Thickness of
Normal Nut

m

Tolerance on
Squareness of

Thread to
Face of Nutb

b As measured with the nut squareness gage described in the text and illustrated in Appendix A of the Standard and a feeler gage.

Eccentricity
of Hexagon

Thickness of
Thin Nut

t

Max. Min. Max. Min. Max. Min. Max. Max. Max. Min.

M1.6 0.35 3.20 3.08 3.70 3.48 1.30 1.05 0.05 0.14 … …
M2 0.4 4.00 3.88 4.60 4.38 1.60 1.35 0.06 0.14 … …
M2.5 0.45 5.00 4.88 5.80 5.51 2.00 1.75 0.08 0.14 … …
M3 0.5 5.50 5.38 6.40 6.08 2.40 2.15 0.09 0.14 … …
M4 0.7 7.00 6.85 8.10 7.74 3.20 2.90 0.11 0.18 … …
M5 0.8 8.00 7.85 9.20 8.87 4.00 3.70 0.13 0.18 … …
M6 1 10.00 9.78 11.50 11.05 5.00 4.70 0.17 0.18 … …
M8 1.25 13.00 12.73 15.00 14.38 6.50 6.14 0.22 0.22 5.0 4.70
M10 1.5 17.00 16.73 19.60 18.90 8.00 7.64 0.29 0.22 6.0 5.70
M12 1.75 19.00 18.67 21.90 21.10 10.00 9.64 0.32 0.27 7.0 6.64

(M14) 2 22.00 21.67 25.4 24.49 11.00 10.57 0.37 0.27 8.0 7.64
M16 2 24.00 23.67 27.7 6.75 13.00 12.57 0.41 0.27 8.0 7.64

(M18) 2.5 27.00 26.67 31.20 30.14 15.00 14.57 0.46 0.27 9.0 8.64
M20 2.5 30.00 29.67 34.60 33.53 16.00 15.57 0.51 0.33 9.0 8.64

(M22) 2.5 32.00 31.61 36.90 35.72 18.00 17.57 0.54 0.33 10.0 9.64
M24 3 36.00 35.38 41.60 39.98 19.00 18.48 0.61 0.33 10.0 9.64

(M27) 3 41.00 40.38 47.3 45.63 22.00 21.48 0.70 0.33 12.0 11.57
M30 3.5 46.00 45.38 53.1 51.28 24.00 23.48 0.78 0.33 12.0 11.57

(M33) 3.5 50.00 49.38 57.70 55.80 26.00 25.48 0.85 0.39 14.0 13.57
M36 4 55.00 54.26 63.50 61.31 29.00 28.48 0.94 0.39 14.0 13.57

(M39) 4 60.00 59.26 69.30 66.96 31.00 30.38 1.03 0.39 16.0 15.57
M42 4.5 65.00 64.26 75.10 72.61 34.00 33.38 1.11 0.39 16.0 15.57

(M45) 4.5 70.00 69.26 80.80 78.26 36.00 35.38 1.20 0.39 18.0 17.57
M48 5 75.00 74.26 86.60 83.91 38.00 37.38 1.29 0.39 18.0 17.57

(M52) 5 80.00 79.26 92.40 89.56 42.00 41.38 1.37 0.46 20.0 19.48
M56 5.5 85.00 84.13 98.10 95.07 45.00 44.38 1.46 0.46 … …

(M60) 5.5 90.00 89.13 103.90 100.72 48.00 47.38 1.55 0.46 … …
M64 6 95.00 94.13 109.70 106.37 51.00 50.26 1.63 0.46 … …

(M68) 6 100.00 99.13 115.50 112.02 54.00 53.26 1.72 0.46 … …
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Table 6. British Standard ISO Metric Precision Hexagon Slotted Nuts and Castle Nuts BS 3692:1967 (obsolescent)

All dimensions are in millimeters. For illustration of hexagon slotted nuts and castle nuts see Table 3.

Nominal
Size and
Thread

Diametera

d

a Sizes shown in parentheses are non-preferred. 

Width
Across Flats

s

Width
Across Corners

e
Diameter

d2

Thickness
h

Lower Face of
Nut to Bottom

of Slot
m

Width of
Slot

n

Radius
(0.25 n)

r

Eccentricity
of the
Slots

Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Min. Max.

M4 7.00 6.85 8.10 7.74 … … 5 4.70 3.2 2.90 1.45 1.2 0.3 0.18

M5 8.00 7.85 9.20 8.87 … … 6 5.70 4.0 3.70 1.65 1.4 0.35 0.18

M6 10.00 9.78 11.50 11.05 … … 7.5 7.14 5 4.70 2.25 2 0.5 0.18

M8 13.00 12.73 15.00 14.38 … … 9.5 9.14 6.5 6.14 2.75 2.5 0.625 0.22

M10 17.00 16.73 19.60 18.90 … … 12 11.57 8 7.64 3.05 2.8 0.70 0.22

M12 19.00 18.67 21.90 21.10 17 16.57 15 14.57 10 9.64 3.80 3.5 0.875 0.27

(M14) 22.00 21.67 25.4 24.49 19 18.48 16 15.57 11 10.57 3.80 3.5 0.875 0.27

M16 24.00 23.67 27.7 26.75 22 21.48 19 18.48 13 12.57 4.80 4.5 1.125 0.27

(M18) 27.00 26.67 31.20 30.14 25 24.48 21 20.48 15 14.57 4.80 4.5 1.125 0.27

M20 30.00 29.67 34.60 33.53 28 27.48 22 21.48 16 15.57 4.80 4.5 1.125 0.33

(M22) 32.00 31.61 36.90 35.72 30 29.48 26 25.48 18 17.57 5.80 5.5 1.375 0.33

M24 36.00 35.38 41.60 39.98 34 33.38 27 26.48 19 18.48 5.80 5.5 1.375 0.33

(M27) 41.00 40.38 47.3 45.63 38 37.38 30 29.48 22 21.48 5.80 5.5 1.375 0.33

M30 46.00 45.38 53.1 51.28 42 41.38 33 32.38 24 23.48 7.36 7 1.75 0.33

(M33) 50.00 49.38 57.70 55.80 46 45.38 35 34.38 26 25.48 7.36 7 1.75 0.39

M36 55.00 54.26 63.50 61.31 50 49.38 38 37.38 29 28.48 7.36 7 1.75 0.39

(M39) 60.00 59.26 69.30 66.96 55 54.26 40 39.38 31 30.38 7.36 7 1.75 0.39

M42 65.00 64.26 75.10 72.61 58 57.26 46 45.38 34 33.38 9.36 9 2.25 0.39

(M45) 70.00 69.26 80.80 78.26 62 61.26 48 47.38 36 35.38 9.36 9 2.25 0.39

M48 75.00 74.26 86.60 83.91 65 64.26 50 49.38 38 37.38 9.36 9 2.25 0.39

(M52) 80.00 79.26 92.40 89.56 70 69.26 54 53.26 42 41.38 9.36 9 2.25 0.46

M56 85.00 84.13 98.10 95.07 75 74.26 57 56.26 45 44.38 9.36 9 2.25 0.46

(M60) 90.00 89.13 103.90 100.72 80 79.26 63 62.26 48 47.38 11.43 11 2.75 0.46

M64 95.00 94.13 109.70 106.37 85 84.13 66 65.26 51 50.26 11.43 11 2.75 0.46

(M68) 100.00 99.13 115.50 112.02 90 89.13 69 68.26 54 53.26 11.43 11 2.75 0.46
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After several years of use of BS 2693:Part 1:1956 (obsolescent), it was recognized that it
would not meet the requirements of all stud users. The thread tolerances specified could
result in clearance of interference fits because locking depended on the run-out threads.
Thus, some users felt that true interference fits were essential for their needs. As a result,
the British Standards Committee has incorporated the Class 5 interference fit threads spec-
ified in American Standard ASA B1.12 into the BS 2693:Part 2:1964, “Recommendations
for High Grade Studs.”

British Standard ISO Metric Precision Hexagon Bolts, Screws and Nuts.—This Brit-
ish Standard BS 3692:1967 (obsolescent) gives the general dimensions and tolerances of
precision hexagon bolts, screws and nuts with ISO metric threads in diameters from 1.6 to
68 mm. It is based on the following ISO recommendations and draft recommendations: R
272, R 288, DR 911, DR 947, DR 950, DR 952 and DR 987. Mechanical properties are
given only with respect to carbon or alloy steel bolts, screws and nuts, which are not to be
used for special applications such as those requiring weldability, corrosion resistance or
ability to withstand temperatures above 300°C or below − 50°C. The dimensional require-
ments of this standard also apply to non-ferrous and stainless steel bolts, screws and nuts.

Finish: Finishes may be dull black which results from the heat-treating operation or may
be bright finish, the result of bright drawing. Other finishes are possible by mutual agree-
ment between purchaser and producer. It is recommended that reference be made to BS
3382 “Electroplated Coatings on Threaded Components” in this respect.

General Dimensions: The bolts, screws and nuts conform to the general dimensions
given in Tables 3, 4, 5 and 6.

Nominal Lengths of Bolts and Screws: The nominal length of a bolt or screw is the dis-
tance from the underside of the head to the extreme end of the shank including any chamfer
or radius. Standard nominal lengths and tolerances thereon are given in Table 7.

Table 7. British Standard ISO Metric Bolt and Screw Nominal Lengths
 BS 3692:1967 (obsolescent)

All dimensions are in millimeters.

Bolt and Screw Ends: The ends of bolts and screws may be finished with either a 45-
degree chamfer to a depth slightly exceeding the depth of thread or a radius approximately

Nominal
Lengtha

l

a Nominal lengths shown in parentheses are non-preferred. 

Tolerance

Nominal
Lengtha

l Tolerance

Nominal
Lengtha

l Tolerance

Nominal
Lengtha

l Tolerance

5 ± 0.24 30 ± 0.42 90 ± 0.70 200 ± 0.925
6 ± 0.24 (32) ± 0.50 (95) ± 0.70 220 ± 0.925

(7) ± 0.29 35 ± 0.50 100 ± 0.70 240 ± 0.925
8 ± 0.29 (38) ± 0.50 (105) ± 0.70 260 ± 1.05

(9) ± 0.29 40 ± 0.50 110 ± 0.70 280 ± 1.05
10 ± 0.29 45 ± 0.50 (115) ± 0.70 300 ± 1.05

(11) ± 0.35 50 ± 0.50 120 ± 0.70 325 ± 1.15
12 ± 0.35 55 ± 0.60 (125) ± 0.80 350 ± 1.15
14 ± 0.35 60 ± 0.60 130 ± 0.80 375 ± 1.15
16 ± 0.35 65 ± 0.60 140 ± 0.80 400 ± 1.15

(18) ± 0.35 70 ± 0.60 150 ± 0.80 425 ± 1.25
20 ± 0.42 75 ± 0.60 160 ± 0.80 450 ± 1.25

(22) ± 0.42 80 ± 0.60 170 ± 0.80 475 ± 1.25
25 ± 0.42 85 ± 0.70 180 ± 0.80 500 ± 1.25

(28) ± 0.42 … … 190 ± 0.925 … …
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BRITISH FASTENERS 1541

equal to 11⁄4 times the nominal diameter of the shank. With rolled threads, the lead formed
at the end of the bolt by the thread rolling operation may be regarded as providing the
necesssary chamfer to the end; the end being reasonably square with the center line of the
shank.

Screw Thread Form: The form of thread and diameters and associated pitches of stan-
dard ISO metric bolts, screws, and nuts are in accordance with BS 3643:Part 1:1981
(2004), “Principles and Basic Data” The screw threads are made to the tolerances for the
medium class of fit (6H/6g) as specified in BS 3643:Part 2:1981 (1998), “Specification for
Selected Limits of Size.”

Length of Thread on Bolts: The length of thread on bolts is the distance from the end of
the bolt (including any chamfer or radius) to the leading face of a screw ring gage which
has been screwed as far as possible onto the bolt by hand. Standard thread lengths of bolts
are 2d + 6 mm for a nominal length of bolt up to and including 125 mm, 2d + 12 mm for a
nominal bolt length over 125 mm up to and including 200 mm, and 2d + 25 mm for a nom-
inal bolt length over 200 mm. Bolts that are too short for minimum thread lengths are
threaded as screws and designated as screws. The tolerance on bolt thread lengths are plus
two pitches for all diameters.

Length of Thread on Screws: Screws are threaded to permit a screw ring gage being
screwed by hand to within a distance from the underside of the head not exceeding two and
a half times the pitch for diameters up to and including 52 mm and three and a half times the
pitch for diameters over 52 mm.

Angularity and Eccentricity of Bolts, Screws and Nuts: The axis of the thread of the nut
is square to the face of the nut subject to the “squareness tolerance” given in Table 5.

In gaging, the nut is screwed by hand onto a gage, having a truncated taper thread, until
the thread of the nut is tight on the thread of the gage. A sleeve sliding on a parallel exten-
sion of the gage, which has a face of diameter equal to the minimum distance across the
flats of the nut and exactly at 90 degrees to the axis of the gage, is brought into contact with
the leading face of the nut. With the sleeve in this position, it should not be possible for a
feeler gage of thickness equal to the “squareness tolerance” to enter anywhere between the
leading nut face and sleeve face.

The hexagon flats of bolts, screws and nuts are square to the bearing face, and the angu-
larity of the head is within the limits of 90 degrees, plus or minus 1 degree. The eccentricity
of the hexagon flats of nuts relative to the thread diameter should not exceed the values
given in Table 5 and the eccentricity of the head relative to the width across flats and eccen-
tricity between the shank and thread of bolts and screws should not exceed the values given
in Table 4.

Chamfering, Washer Facing and Countersinking: Bolt and screw heads have a chamfer
of approximately 30 degrees on their upper faces and, at the option of the manufacturer, a
washer face or full bearing face on the underside. Nuts are countersunk at an included
angle of 120 degrees plus or minus 10 degrees at both ends of the thread. The diameter of
the countersink should not exceed the nominal major diameter of the thread plus 0.13 mm
up to and including 12 mm diameter, and plus 0.25 mm above 12 mm diameter. This stipu-
lation does not apply to slotted, castle or thin nuts.

Strength Grade Designation System for Steel Bolts and Screws: This Standard includes
a strength grade designation system consisting of two figures. The first figure is one tenth
of the minimum tensile strength in kgf/mm2, and the second figure is one tenth of the ratio
between the minimum yield stress (or stress at permanent set limit, R0.2) and the minimum
tensile strength, expressed as a percentage. For example with the strength designation
grade 8.8, the first figure 8 represents 1⁄10 the minimum tensile strength of 80 kgf/mm2 and
the second figure 8 represents 1⁄10 the ratio
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1542 STUDS

the numerical values of stress and strength being obtained from the accompanying table.

Strength Grade Designations of Steel Bolts and Screws

Strength Grade Designation System for Steel Nuts: The strength grade designation sys-
tem for steel nuts is a number which is one-tenth of the specified proof load stress in
kgf/mm2. The proof load stress corresponds to the minimum tensile strength of the highest
grade of bolt or screw with which the nut can be used.

Strength Grade Designations of Steel Nuts

Recommended Bolt and Nut Combinations

Marking: The marking and identification requirements of this Standard are only manda-
tory for steel bolts, screws and nuts of 6 mm diameter and larger; manufactured to strength
grade designations 8.8 (for bolts or screws) and 8 (for nuts) or higher. Bolts and screws are
identified as ISO metric by either of the symbols “ISO M” or “M”, embossed or indented
on top of the head. Nuts may be indented or embossed by alternative methods depending
on their method of manufacture.

Designation: Bolts 10 mm diameter, 50 mm long manufactured from steel of strength
grade 8.8, would be designated:

“Bolts M10 × 50 to BS 3692 — 8.8.”

Brass screws 8 mm diameter, 20 mm long would be designated:

“Brass screws M8 × 20 to BS 3692.”

Nuts 12 mm diameter, manufactured from steel of strength grade 6, cadmium plated
could be designated:

“Nuts M12 to BS 3692 — 6, plated to BS 3382: Part 1.”

Miscellaneous Information: The Standard also gives mechanical properties of steel
bolts, screws and nuts [i.e., tensile strengths; hardnesses (Brinell, Rockwell, Vickers);
stresses (yield, proof load); etc.], material and manufacture of steel bolts, screws and nuts;
and information on inspection and testing. Appendices to the Standard give information on
gaging; chemical composition; testing of mechanical properties; examples of marking of
bolts, screws and nuts; and a table of preferred standard sizes of bolts and screws, to name
some.

Strength Grade Designation 4.6 4.8 5.6 5.8 6.6 6.8 8.8 10.9 12.9 14.9
Tensile Strength (Rm), Min. 40 40 50 50 60 60 80 100 120 140

Yield Stress (Re), Min. 24 32 30 40 36 48 … … … …

Stress at Permanent Set
Limit (R0.2), Min. … … … … … … 64 90 108 126

All stress and strength values are in kgf/mm2 units.

Strength Grade Designation 4 5 6 8 12 14

Proof Load Stress (kgf/mm2) 40 50 60 80 120 140

Grade of Bolt 4.6 4.8 5.6 5.8 6.6 6.8 8.8 10.9 12.9 14.9
Recommended Grade of Nut 4 4 5 5 6 6 8 12 12 14

Note: Nuts of a higher strength grade may be  substituted for nuts of a lower strength grade.

stress at permanent set limit R0.2%

minimum tensile strength
------------------------------------------------------------------------------------

1
10
------ 64

80
------× 100

1
---------×=

Machinery's Handbook 28th Edition

Copyright 2008, Industrial Press Inc., New York, NY - www.industrialpress.com



STUDS 1543

British Standard General Purpose Studs  BS 2693:Part 1:1956 (obsolescent)

All dimensions are in inches except where otherwise noted. 
See page 1878 for interference-fit threads.

Limits for End Screwed into Component (All threads except BA)
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Diameter
Minor
Dia.

Max. Min. Max. Min. Max. Min. Min. Max. Min. Max. Min.

UN THREADS UNF THREADS UNC THREADS

1⁄4 0.2500 28 0.2435 0.2294 0.2265 0.2088 0.2037 20 0.2419 0.2201 0.2172 0.1913 0.1849
5⁄16 0.3125 24 0.3053 0.2883 0.2852 0.2643 0.2586 18 0.3038 0.2793 0.2762 0.2472 0.2402
3⁄8 0.3750 24 0.3678 0.3510 0.3478 0.3270 0.3211 16 0.3656 0.3375 0.3343 0.3014 0.2936
7⁄16 0.4375 20 0.4294 0.4084 0.4050 0.3796 0.3729 14 0.4272 0.3945 0.3911 0.3533 0.3447
1⁄2 0.5000 20 0.4919 0.4712 0.4675 0.4424 0.4356 13 0.4891 0.4537 0.4500 0.4093 0.4000
9⁄16 0.5625 18 0.5538 0.5302 0.5264 0.4981 0.4907 12 0.5511 0.5122 0.5084 0.4641 0.4542
5⁄8 0.6250 18 0.6163 0.5929 0.5889 0.5608 0.5533 11 0.6129 0.5700 0.5660 0.5175 0.5069
3⁄4 0.7500 16 0.7406 0.7137 0.7094 0.6776 0.6693 10 0.7371 0.6893 0.6850 0.6316 0.6200
7⁄8 0.8750 14 0.8647 0.8332 0.8286 0.7920 0.7828 9 0.8611 0.8074 0.8028 0.7433 0.7306

1 1.0000 12 0.9886 0.9510 0.9459 0.9029 0.8925 8 0.9850 0.9239 0.9188 0.8517 0.8376
11⁄8 1.1250 12 1.1136 1.0762 1.0709 1.0281 1.0176 7 1.1086 1.0375 1.0322 0.9550 0.9393
11⁄4 1.2500 12 1.2386 1.2014 1.1959 1.1533 1.1427 7 1.2336 1.1627 1.1572 1.0802 1.0644
13⁄8 1.3750 12 1.3636 1.3265 1.3209 1.2784 1.2677 6 1.3568 1.2723 1.2667 1.1761 1.1581
11⁄2 1.5000 12 1.4886 1.4517 1.4459 1.4036 1.3928 6 1.4818 1.3975 1.3917 1.3013 1.2832

BS THREADS BSF THREADS BSW THREADS

1⁄4 0.2500 26 0.2455 0.2280 0.2251 0.2034 0.1984 20 0.2452 0.2206 0.2177 0.1886 0.1831
5⁄16 0.3125 22 0.3077 0.2863 0.2832 0.2572 0.2517 18 0.3073 0.2798 0.2767 0.2442 0.2383
3⁄8 0.3750 20 0.3699 0.3461 0.3429 0.3141 0.3083 16 0.3695 0.3381 0.3349 0.0981 0.2919
7⁄16 0.4375 18 0.4320 0.4053 0.4019 0.3697 0.3635 14 0.4316 0.3952 0.3918 0.3495 0.3428
1⁄2 0.5000 16 0.4942 0.4637 0.4600 0.4237 0.4172 12 0.4937 0.4503 0.4466 0.3969 0.3897
9⁄16 0.5625 16 0.5566 0.5263 0.5225 0.4863 0.4797 12 0.5560 0.5129 0.5091 0.4595 0.4521
5⁄8 0.6250 14 0.6187 0.5833 0.5793 0.5376 0.5305 11 0.6183 0.5708 0.5668 0.5126 0.5050
3⁄4 0.7500 12 0.7432 0.7009 0.6966 0.6475 0.6398 10 0.7428 0.6903 0.6860 0.6263 0.6182
7⁄8 0.8750 11 0.8678 0.8214 0.8168 0.7632 0.7551 9 0.8674 0.8085 0.8039 0.7374 0.7288

1 1.0000 10 0.9924 0.9411 0.9360 0.8771 0.8686 8 0.9920 0.9251 0.9200 0.8451 0.8360
11⁄8 1.1250 9 1.1171 1.0592 1.0539 0.9881 0.9792 7 1.1164 1.0388 1.0335 0.9473 0.9376
11⁄4 1.2500 9 1.2419 1.1844 1.1789 1.1133 1.1042 7 1.2413 1.1640 1.1585 1.0725 1.0627
13⁄8 1.3750 8 1.3665 1.3006 1.2950 1.2206 1.2110 6 1.4906 1.3991 1.3933 1.2924 1.2818
11⁄2 1.5000 8 1.4913 1.4258 1.4200 1.3458 1.3360 … … … … … …

Limits for End Screwed into Component (BA Threads)a

a Approximate inch equivalents are shown below the dimensions given in mm. 

Designa-
tion
No. Pitch

Major Diameter Effective Diameter Minor Diameter

Max. Min. Max. Min. Max. Min.

2
0.8100 mm 4.700 mm 4.580 mm 4.275 mm 4.200 mm 3.790 mm 3.620 mm
0.03189 in. 0.1850 in. 0.1803 in. 0.1683 in. 0.1654 in. 0.1492 in. 0.1425 in.

4 0.6600 mm 3.600 mm 3.500 mm 3.260 mm 3.190 mm 2.865 mm 2.720 mm
0.2598 in. 0.1417 in. 0.1378 in. 0.1283 in. 0.1256 in. 0.1128 in. 0.1071 in.

Minimum Nominal Lengths of Studsa

a The standard also gives preferred and standard lengths of studs: Preferred lengths of studs: 7⁄8, 1, 11⁄8,
11⁄4, 13⁄8, 11⁄2, 13⁄4, 2, 21⁄4,21⁄2, 23⁄4, 3, 31⁄4, 31⁄2 and for lengths above 31⁄2 the preferred increment is 1⁄2. Stan-
dard lengths of studs: 7⁄8, 1, 11⁄8, 11⁄4, 13⁄8, 11⁄2, 15⁄8, 13⁄4, 17⁄8, 2, 21⁄8, 21⁄4, 23⁄8, 21⁄2, 25⁄8, 23⁄4, 27⁄8, 3, 31⁄8, 31⁄4, 33⁄8, 31⁄2
and for lengths above 31⁄2 the standard increment is 1⁄4.

Nom.
Stud.
Dia.

For Thread Length
(Component End) of

Nom.
Stud.
Dia.

For Thread Length
(Component End) of

Nom.
Stud
Dia.

For Thread Length
(Component End) of

1D 1.5D 1D 1.5D 1D 1.5D
1⁄4 7⁄8 1 9⁄16 2 23⁄8 11⁄8 4 45⁄8
5⁄16 11⁄8 13⁄8 5⁄8 21⁄4 25⁄8 11⁄4 43⁄4 51⁄2
3⁄8 13⁄8 15⁄8 3⁄4 25⁄8 3 13⁄8 5 53⁄4
7⁄16 15⁄8 17⁄8 7⁄8 31⁄8 35⁄8 11⁄2 51⁄4 6
1⁄2 13⁄4 2 1 31⁄2 4 … … …
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1544 WASHERS

British Standard Single Coil Rectangular Section Spring Washers
Metric Series — Types B and BP BS 4464:1969 (2004)

All dimensions are given in millimeters. Sizes shown in parentheses are non-preferred, and are not
usually stock sizes.

Nom. Size
&Thread
Dia., d

Inside Dia.,d1 Width,
b

Thickness,
s

Outside
Dia., d2

Max

Radius,
r

Max

k (Type 
BP

Only)Max Min

M1.6 1.9 1.7 0.7 ± 0.1 0.4 ± 0.1 3.5 0.15 …

M2 2.3 2.1 0.9 ± 0.1 0.5 ± 0.1 4.3 0.15 …

(M2.2) 2.5 2.3 1.0 ± 0.1 0.6 ± 0.1 4.7 0.2 …

M2.5 2.8 2.6 1.0 ± 0.1 0.6 ± 0.1 5.0 0.2 …

M3 3.3 3.1 1.3 ± 0.1 0.8 ± 0.1 6.1 0.25 …

(M3.5) 3.8 3.6 1.3 ± 0.1 0.8 ± 0.1 6.6 0.25 0.15

M4 4.35 4.1 1.5 ± 0.1 0.9 ± 0.1 7.55 0.3 0.15

M5 5.35 5.1 1.8 ± 0.1 1.2 ± 0.1 9.15 0.4 0.15

M6 6.4 6.1 2.5 ± 0.15 1.6 ± 0.1 11.7 0.5 0.2

M8 8.55 8.2 3 ± 0.15 2 ± 0.1 14.85 0.65 0.3

M10 10.6 10.2 3.5 ± 0.2 2.2 ± 0.15 18.0 0.7 0.3

M12 12.6 12.2 4 ± 0.2 2.5 ± 0.15 21.0 0.8 0.4

(M14) 14.7 14.2 4.5 ± 0.2 3 ± 0.15 24.1 1.0 0.4

M16 16.9 16.3 5 ± 0.2 3.5 ± 0.2 27.3 1.15 0.4

(M18) 19.0 18.3 5 ± 0.2 3.5 ± 0.2 29.4 1.15 0.4

M20 21.1 20.3 6 ± 0.2 4 ± 0.2 33.5 1.3 0.4

(M22) 23.3 22.4 6 ± 0.2 4 ± 0.2 35.7 1.3 0.4

M24 25.3 24.4 7 ± 0.25 5 ± 0.2 39.8 1.65 0.5

(M27) 28.5 27.5 7 ± 0.25 5 ± 0.2 43.0 1.65 0.5

M30 31.5 30.5 8 ± 0.25 6 ± 0.25 48.0 2.0 0.8

(M33) 34.6 33.5 10 ± 0.25 6 ± 0.25 55.1 2.0 0.8

M36 37.6 36.5 10 ± 0.25 6 ± 0.25 58.1 2.0 0.8

(M39) 40.8 39.6 10 ± 0.25 6 ± 0.25 61.3 2.0 0.8

M42 43.8 42.6 12 ± 0.25 7 ± 0.25 68.3 2.3 0.8

(M45) 46.8 45.6 12 ± 0.25 7 ± 0.25 71.3 2.3 0.8

M48 50.0 48.8 12 ± 0.25 7 ± 0.25 74.5 2.3 0.8

(M52) 54.1 52.8 14 ± 0.25 8 ± 0.25 82.6 2.65 1.0

M56 58.1 56.8 14 ± 0.25 8 ± 0.25 86.6 2.65 1.0

(M60) 62.3 60.9 14 ± 0.25 8 ± 0.25 90.8 2.65 1.0

M64 66.3 64.9 14 ± 0.25 8 ± 0.25 93.8 2.65 1.0

(M68) 70.5 69.0 14 ± 0.25 8 ± 0.25 99.0 2.65 1.0
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British Standard Double Coil Rectangular Section Spring Washers; Metric Series — 
Type D BS 4464:1969 (2004)

All dimensions are given in millimeters. Sizes shown in parentheses are non-preferred, and are not
usually stock sizes. The free height of double coil washers before compression is normally approxi-
mately five times the thickness but, if required, washers with other free heights may be obtained by
arrangement with manufacturer.

Nom.
Size, d

Inside Dia., d1 Width,
b

Thickness,
s

O.D., d2

Max
Radius, r

MaxMax Min

M2 2.4 2.1 0.9 ± 0.1 0.5 ± 0.05 4.4 0.15

(M2.2) 2.6 2.3 1.0 ± 0.1 0.6 ± 0.05 4.8 0.2

M2.5 2.9 2.6 1.2 ± 0.1 0.7 ± 0.1 5.5 0.23

M3.0 3.6 3.3 1.2 ± 0.1 0.8 ± 0.1 6.2 0.25

(M3.5) 4.1 3.8 1.6 ± 0.1 0.8 ± 0.1 7.5 0.25

M4 4.6 4.3 1.6 ± 0.1 0.8 ± 0.1 8.0 0.25

M5 5.6 5.3 2 ± 0.1 0.9 ± 0.1 9.8 0.3

M6 6.6 6.3 3 ± 0.15 1 ± 0.1 12.9 0.33

M8 8.8 8.4 3  ± 0.15 1.2 ± 0.1 15.1 0.4

M10 10.8 10.4 3.5 ± 0.20 1.2 ± 0.1 18.2 0.4

M12 12.8 12.4 3.5 ± 0.2 1.6 ± 0.1 20.2 0.5

(M14) 15.0 14.5 5 ± 0.2 1.6 ± 0.1 25.4 0.5

M16 17.0 16.5 5 ± 0.2 2 ± 0.1 27.4 0.65

(M18) 19.0 18.5 5 ± 0.2 2 ± 0.1 29.4 0.65

M20 21.5 20.8 5 ± 0.2 2 ± 0.1 31.9 0.65

(M22) 23.5 22.8 6 ± 0.2 2.5 ± 0.15 35.9 0.8

M24 26.0 25.0 6.5 ± 0.2 3.25 ± 0.15 39.4 1.1

(M27) 29.5 28.0 7 ± 0.25 3.25 ± 0.15 44.0 1.1

M30 33.0 31.5 8 ± 0.25 3.25 ± 0.15 49.5 1.1

(M33) 36.0 34.5 8 ± 0.25 3.25 ± 0.15 52.5 1.1

M36 40.0 38.0 10 ± 0.25 3.25 ± 0.15 60.5 1.1

(M39) 43.0 41.0 10 ± 0.25 3.25 ± 0.15 63.5 1.1

M42 46.0 44.0 10 ± 0.25 4.5 ± 0.2 66.5 1.5

M48 52.0 50.0 10 ± 0.25 4.5 ± 0.2 72.5 1.5

M56 60.0 58.0 12 ± 0.25 4.5 ± 0.2 84.5 1.5

M64 70.0 67.0 12 ± 0.25 4.5 ± 0.2 94.5 1.5
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British Standard Single Coil Square Section Spring Washers; Metric Series — 
Type A-1 BS 4464:1969 (2004)

British Standard Single Coil Square Section Spring Washers; Metric Series — 
Type A-2 BS 4464:1969 (2004)

All dimensions are in millimeters. Sizes shown in parentheses are nonpreferred and are not usually
stock sizes.

British Standard for Metric Series Metal Washers.—BS 4320:1968 (1998) specifies
bright and black metal washers for general engineering purposes.

Bright Metal Washers: These washers are made from either CS4 cold-rolled strip steel
BS 1449:Part 3B or from CZ 108 brass strip B.S. 2870: 1980, both in the hard condition.
However, by mutual agreement between purchaser and supplier, washers may be made
available with the material in any other condition, or they may be made from another mate-
rial, or may be coated with a protective or decorative finish to some appropriate British
Standard. Washers are reasonably flat and free from burrs and are normally supplied
unchamfered. They may, however, have a 30-degree chamfer on one edge of the external
diameter. These washers are made available in two size categories, normal and large diam-
eter, and in two thicknesses, normal (Form A or C) and light (Form B or D). The thickness
of a light-range washer is from 1⁄2 to 2⁄3 the thickness of a normal range washer.

Black Metal Washers: These washers are made from mild steel, and can be supplied in
three size categories designated normal, large, and extra large diameters. The normal-
diameter series is intended for bolts ranging from M5 to M68 (Form E washers), the large-
diameter series for bolts ranging from M8 to M39 (Form F washers), and the extra large
series for bolts from M5 to M39 (Form G washers). A protective finish can be specified by
the purchaser in accordance with any appropriate British Standard.

Nom.
Size, d

Inside Dia., d1 Thickness &
Width, s

O.D., d2

Max
Radius, r

MaxMax Min

M3 3.3 3.1 1 ± 0.1 5.5 0.3
(M3.5) 3.8 3.6 1 ± 0.1 6.0 0.3

M4 4.35 4.1 1.2 ± 0.1 6.95 0.4
M5 5.35 5.1 1.5 ± 0.1 8.55 0.5
M6 6.4 6.1 1.5 ± 0.1 9.6 0.5
M8 8.55 8.2 2 ± 0.1 12.75 0.65
M10 10.6 10.2 2.5 ± 0.15 15.9 0.8
M12 12.6 12.2 2.5 ± 0.15 17.9 0.8

(M14) 14.7 14.2 3 ± 0.2 21.1 1.0
M16 16.9 16.3 3.5 ± 0.2 24.3 1.15

(M18) 19.0 18.3 3.5 ± 0.2 26.4 1.15
M20 21.1 20.3 4.5 ± 0.2 30.5 1.5

(M22) 23.3 22.4 4.5 ± 0.2 32.7 1.5
M24 25.3 24.4 5 ± 0.2 35.7 1.65

(M27) 28.5 27.5 5 ± 0.2 38.9 1.65
M30 31.5 30.5 6 ± 0.2 43.9 2.0

(M33) 34.6 33.5 6 ± 0.2 47.0 2.0
M36 37.6 36.5 7 ± 0.25 52.1 2.3

(M39) 40.8 39.6 7 ± 0.25 55.3 2.3
M42 43.8 42.6 8 ± 0.25 60.3 2.65

(M45) 46.8 45.6 8 ± 0.25 63.3 2.65
M48 50.0 48.8 8 ± 0.25 66.5 2.65
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Washer Designations: The Standard specifies the details that should be given when
ordering or placing an inquiry for washers. These details are the general description,
namely, bright or black washers; the nominal size of the bolt or screw involved, for exam-
ple, M5; the designated form, for example, Form A or Form E; the dimensions of any
chamfer required on bright washers; the number of the Standard BS 4320:1968 (1998), and
coating information if required, with the number of the appropriate British Standard and
the coating thickness needed. As an example, in the use of this information, the designation
for a chamfered, normal-diameter series washer of normal-range thickness to suit a 12-mm
diameter bolt would be: Bright washers M12 (Form A) chamfered to B.S. 4320.

British Standard Bright Metal Washers — Metric Series BS 4320:1968 (1998)

All dimensions are in millimeters.
Nominal bolt or screw sizes shown in parentheses are nonpreferred.

NORMAL DIAMETER SIZES

Nominal
Size of
Bolt or
Screw

Inside Diameter Outside Diameter
Thickness

Form A
(Normal Range)

Form B
(Light Range)

Nom Max Min Nom Max Min Nom Max Min Nom Max Min

M 1.0 1.1 1.25 1.1 2.5 2.5 2.3 0.3 0.4 0.2 … … …
M 1.2 1.3 1.45 1.3 3.0 3.0 2.8 0.3 0.4 0.2 … … …
(M 1.4) 1.5 1.65 1.5 3.0 3.0 2.8 0.3 0.4 0.2 … … …
M 1.6 1.7 1.85 1.7 4.0 4.0 3.7 0.3 0.4 0.2 … … …
M 2.0 2.2 2.35 2.2 5.0 5.0 4.7 0.3 0.4 0.2 … … …
(M 2.2) 2.4 2.55 2.4 5.0 5.0 4.7 0.5 0.6 0.4 … … …
M 2.5 2.7 2.85 2.7 6.5 6.5 6.2 0.5 0.6 0.4 … … …
M3 3.2 3.4 3.2 7 7 6.7 0.5 0.6 0.4 … … …
(M 3.5) 3.7 3.9 3.7 7 7 6.7 0.5 0.6 0.4 … … …
M4 4.3 4.5 4.3 9 9 8.7 0.8 0.9 0.7 … … …
(M 4.5) 4.8 5.0 4.8 9 9 8.7 0.8 0.9 0.7 … … …
M 5 5.3 5.5 5.3 10 10 9.7 1.0 1.1 0.9 … … …
M 6 6.4 6.7 6.4 12.5 12.5 12.1 1.6 1.8 1.4 0.8 0.9 0.7
(M 7) 7.4 7.7 7.4 14 14 13.6 1.6 1.8 1.4 0.8 0.9 0.7
M 8 8.4 8.7 8.4 17 17 16.6 1.6 1.8 1.4 1.0 1.1 0.9
M 10 10.5 10.9 10.5 21 21 20.5 2.0 2.2 1.8 1.25 1.45 1.05
M 12 13.0 13.4 13.0 24 24 23.5 2.5 2.7 2.3 1.6 1.80 1.40
(M 14) 15.0 15.4 15.0 28 28 27.5 2.5 2.7 2.3 1.6 1.8 1.4
M 16 17.0 17.4 17.0 30 30 29.5 3.0 3.3 2.7 2.0 2.2 1.8
(M 18) 19.0 19.5 19.0 34 34 33.2 3.0 3.3 2.7 2.0 2.2 1.8
M 20 21 21.5 21 37 37 36.2 3.0 3.3 2.7 2.0 2.2 1.8
(M 22) 23 23.5 23 39 39 38.2 3.0 3.3 2.7 2.0 2.2 1.8
M24 25 25.5 25 44 44 43.2 4.0 4.3 3.7 2.5 2.7 2.3
(M 27) 28 28.5 28 50 50 49.2 4.0 4.3 3.7 2.5 2.7 2.3
M30 31 31.6 31 56 56 55.0 4.0 4.3 3.7 2.5 2.7 2.3
(M 33) 34 34.6 34 60 60 59.0 5.0 5.6 4.4 3.0 3.3 2.7
M 36 37 37.6 37 66 66 65.0 5.0 5.6 4.4 3.0 3.3 2.7
(M 39) 40 40.6 40 72 72 71.0 6.0 6.6 5.4 3.0 3.3 2.7

LARGE DIAMETER SIZES

Nominal
Size of
Bolt or
Screw

Inside Diameter Outside Diameter
Thickness

Form C
(Normal Range)

Form D
(Light Range)

Nom Max Min Nom Max Min Nom Max Min Nom Max Min
M 4 4.3 4.5 4.3 10.0 10.0 9.7 0.8 0.9 0.7 … … …
M 5 5.3 5.5 5.3 12.5 12.5 12.1 1.0 1.1 0.9 … … …
M 6 6.4 6.7 6.4 14 14 13.6 1.6 1.8 1.4 0.8 0.9 0.7
M 8 8.4 8.7 8.4 21 21 20.5 1.6 1.8 1.4 1.0 1.1 0.9
M 10 10.5 10.9 10.5 24 24 23.5 2.0 2.2 1.8 1.25 1.45 1.05
M 12 13.0 13.4 13.0 28 28 27.5 2.5 2.7 2.3 1.6 1.8 1.4
(M 14) 15.0 15.4 15 30 30 29.5 2.5 2.7 2.3 1.6 1.8 1.4
M 16 17.0 17.4 17 34 34 33.2 3.0 3.3 2.7 2.0 2.2 1.8
(M 18) 19.0 19.5 19 37 37 36.2 3.0 3.3 2.7 2.0 2.2 1.8
M 20 21 21.5 21 39 39 38.2 3.0 3.3 2.7 2.0 2.2 1.8
(M 22) 23 23.5 23 44 44 43.2 3.0 3.3 2.7 2.0 2.2 1.8
M 24 25 25.5 25 50 50 49.2 4.0 4.3 3.7 2.5 2.7 2.3
(M 27) 28 28.5 28 56 56 55 4.0 4.3 3.7 2.5 2.7 2.3
M 30 31 31.6 31 60 60 59 4.0 4.3 3.7 2.5 2.7 2.3
(M 33) 34 34.6 34 66 66 65 5.0 5.6 4.4 3.0 3.3 2.7
M 36 37 37.6 37 72 72 71 5.0 5.6 4.4 3.0 3.3 2.7
(M 39) 40 40.6 40 77 77 76 6.0 6.6 5.4 3.0 3.3 2.7
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1548 WASHERS

British Standard Black Metal Washers — Metric Series BS 4320:1968 (1998)

All dimensions are in millimeters.

Nominal bolt or screw sizes shown in parentheses are nonpreferred.

NORMAL DIAMETER SIZES (Form E)

Nom Bolt or 
Screw
Size

Inside Diameter Outside Diameter Thickness

Nom Max Min Nom Max Min Nom Max Min

M 5 5.5 5.8 5.5 10.0 10.0 9.2 1.0 1.2 0.8
M 6 6.6 7.0 6.6 12.5 12.5 11.7 1.6 1.9 1.3

(M 7) 7.6 8.0 7.6 14.0 14.0 13.2 1.6 1.9 1.3
M 8 9.0 9.4 9.0 17 17 16.2 1.6 1.9 1.3
M 10 11.0 11.5 11.0 21 21 20.2 2.0 2.3 1.7
M 12 14 14.5 14 24 24 23.2 2.5 2.8 2.2

(M 14) 16 16.5 16 28 28 27.2 2.5 2.8 2.2
M 16 18 18.5 18 30 30 29.2 3.0 3.6 2.4

(M 18) 20 20.6 20 34 34 32.8 3.0 3.6 2.4
M 20 22 22.6 22 37 37 35.8 3.0 3.6 2.4

(M 22) 24 24.6 24 39 39 37.8 3.0 3.6 2.4
M 24 26 26.6 26 44 44 42.8 4 4.6 3.4

(M 27) 30 30.6 30 50 50 48.8 4 4.6 3.4
M 30 33 33.8 33 56 56 54.5 4 4.6 3.4

(M 33) 36 36.8 36 60 60 58.5 5 6.0 4.0
M 36 39 39.8 39 66 66 64.5 5 6.0 4.0

(M 39) 42 42.8 42 72 72 70.5 6 7.0 5.0
M 42 45 45.8 45 78 78 76.5 7 8.2 5.8

(M 45) 48 48.8 48 85 85 83 7 8.2 5.8
M 48 52 53 52 92 92 90 8 9.2 6.8

(M 52) 56 57 56 98 98 96 8 9.2 6.8
M 56 62 63 62 105 105 103 9 10.2 7.8

(M 60) 66 67 66 110 110 108 9 10.2 7.8
M 64 70 71 70 115 115 113 9 10.2 7.8

(M 68) 74 75 74 120 120 118 10 11.2 8.8

LARGE DIAMETER SIZES (Form F)

M 8 9 9.4 9.0 21 21 20.2 1.6 1.9 1.3
M 10 11 11.5 11 24 24 23.2 2 2.3 1.7
M 12 14 14.5 14 28 28 27.2 2.5 2.8 2.2

(M 14) 16 16.5 16 30 30 29.2 2.5 2.8 2.2
M 16 18 18.5 18 34 34 32.8 3 3.6 2.4

(M 18) 20 20.6 20 37 37 35.8 3 3.6 2.4
M 20 22 22.6 22 39 39 37.8 3 3.6 2.4

(M 22) 24 24.6 24 44 44 42.8 3 3.6 2.4
M 24 26 26.6 26 50 50 48.8 4 4.6 3.4

(M 27) 30 30.6 30 56 56 54.5 4 4.6 3.4
M 30 33 33.8 33 60 60 58.5 4 4.6 3.4

(M 33) 36 36.8 36 66 66 64.5 5 6.0 4
M 36 39 39.8 39 72 72 70.5 5 6.0 4

(M 39) 42 42.8 42 77 77 75.5 6 7 5

EXTRA LARGE DIAMETER SIZES (Form G)

M 5 5.5 5.8 5.5 15 15 14.2 1.6 1.9 1.3
M 6 6.6 7.0 6.6 18 18 17.2 2 2.3 1.7

(M 7) 7.6 8.0 7.6 21 21 20.2 2 2.3 1.7
M 8 9 9.4 9.0 24 24 23.2 2 2.3 1.7
M 10 11 11.5 11.0 30 30 29.2 2.5 2.8 2.2
M 12 14 14.5 14.0 36 36 34.8 3 3.6 2.4

(M 14) 16 16.5 16.0 42 42 40.8 3 3.6 2.4
M 16 18 18.5 18 48 48 46.8 4 4.6 3.4

(M 18) 20 20.6 20 54 54 52.5 4 4.6 3.4
M 20 22 22.6 22 60 60 58.5 5 6.0 4

(M 22) 24 24.6 24 66 66 64.5 5 6.0 4
M 24 26 26.6 26 72 72 70.5 6 7 5

(M 27) 30 30.6 30 81 81 79 6 7 5
M 30 33 33.8 33 90 90 88 8 9.2 6.8

(M 33) 36 36.8 36 99 99 97 8 9.2 6.8
M 36 39 39.8 39 108 108 106 10 11.2 8.8

(M39) 42 42.8 42 117 117 115 10 11.2 8.8
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MACHINE SCREWS 1549

MACHINE SCREWS AND NUTS

American National Standard Machine Screws and Machine Screw Nuts

This Standard ANSI B18.6.3 covers both slotted and recessed head machine screws.
Dimensions of various types of slotted machine screws, machine screw nuts, and header
points are given in Tables 1 through 12. The Standard also covers flat trim head, oval trim
head and drilled fillister head machine screws and gives cross recess dimensions and gag-
ing dimensions for all types of machine screw heads. Information on metric machine
screws B18.6.7M is given beginning on page 1564.
Threads.—Except for sizes 0000, 000, and 00, machine screw threads may be either Uni-
fied Coarse (UNC) and Fine thread (UNF) Class 2A (see American Standard for Unified
Screw Threads starting on page 1719) or UNRC and UNRF Series, at option of manufac-
turer. Thread dimensions for sizes 0000, 000, and 00 are given in Table 7 on page 1554.

Threads for hexagon machine screw nuts may be either UNC or UNF, Class 2B, and for
square machine screw nuts are UNC Class 2B.
Length of Thread.—Machine screws of sizes No. 5 and smaller with nominal lengths
equal to 3 diameters and shorter have full form threads extending to within 1 pitch (thread)
of the bearing surface of the head, or closer, if practicable. Nominal lengths greater than 3
diameters, up to and including 11⁄8 inch, have full form threads extending to within two
pitches (threads) of the bearing surface of the head, or closer, if practicable. Unless other-
wise specified, screws of longer nominal length have a minimum length of full form thread
of 1.00 inch.Machine screws of sizes No. 6 and larger with nominal length equal to 3 diam-
eters and shorter have full form threads extending to within 1 pitch (thread) of the bearing
surface of the head, or closer, if practicable. Nominal lengths greater than 3 diameters, up
to and including 2 inches, have full form threads extending to within 2 pitches (threads) of
the bearing surface of the head, or closer, if practicable. Screws of longer nominal length,
unless otherwise specified, have a minimum length of full form thread of 1.50 inches.

Table 1. Square and Hexagon Machine Screw Nuts ANSI B18.6.3-1972 (R1991)

All dimensions in inches. Hexagon machine screw nuts have tops flat and chamfered. Diameter of
top circle should be the maximum width across flats within a tolerance of minus 15 per cent. Bottoms
are flat but may be chamfered if so specified. Square machine screw nuts have tops and bottoms flat
without chamfer.

Nom.
Size

Basic
Dia.

Basic
F

Max.
F

Min.
F

Max.
G

Min.
G

Max.
G1

Min.
G1

Max.
H

Min.
H

0 0.0600 5⁄32 0.156 0.150 0.221 0.206 0.180 0.171 0.050 0.043
1 0.0730 5⁄32 0.156 0.150 0.221 0.206 0.180 0.171 0.050 0.043
2 0.0860 3⁄16 0.188 0.180 0.265 0.247 0.217 0.205 0.066 0.057
3 0.0990 3⁄16 0.188 0.180 0.265 0.247 0.217 0.205 0.066 0.057
4 0.1120 1⁄4 0.250 0.241 0.354 0.331 0.289 0.275 0.098 0.087
5 0.1250 5⁄16 0.312 0.302 0.442 0.415 0.361 0.344 0.114 0.102
6 0.1380 5⁄16 0.312 0.302 0.442 0.415 0.361 0.344 0.114 0.102
8 0.1640 11⁄32 0.344 0.332 0.486 0.456 0.397 0.378 0.130 0.117

10 0.1900 3⁄8 0.375 0.362 0.530 0.497 0.433 0.413 0.130 0.117
12 0.2160 7⁄16 0.438 0.423 0.619 0.581 0.505 0.482 0.161 0.148

1⁄4 0.2500 7⁄16 0.438 0.423 0.619 0.581 0.505 0.482 0.193 0.178
5⁄16 0.3125 9⁄16 0.562 0.545 0.795 0.748 0.650 0.621 0.225 0.208
3⁄8 0.3750 5⁄8 0.625 0.607 0.884 0.833 0.722 0.692 0.257 0.239

F H

G

F

G1

H

30 30

Optional;
See Note
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1550 MACHINE SCREWS

Diameter of Body.—The diameter of machine screw bodies is not less than Class 2A
thread minimum pitch diameter nor greater than the basic major diameter of the thread.
Cross-recessed trim head machine screws not threaded to the head have an 0.062 in. mini-
mum length shoulder under the head with diameter limits as specified in the dimensional
tables in the standard.
Designation.—Machine screws are designated by the following data in the sequence
shown: Nominal size (number, fraction, or decimal equivalent); threads per inch; nominal
length (fraction or decimal equivalent); product name, including head type and driving
provision; header point, if desired; material; and protective finish, if required. For exam-
ple:

1⁄4 − 20 × 11⁄4 Slotted Pan Head Machine Screw, Steel, Zinc Plated
6 − 32 × 3⁄4 Type IA Cross Recessed Fillister Head Machine Screw, Brass
Machine screw nuts are designated by the following data in the sequence shown: Nomi-

nal size (number, fraction, or decimal equivalent); threads per inch; product name; mate-
rial; and protective finish, if required. For example:

10 − 24 Hexagon Machine Screw Nut, Steel, Zinc Plated
0.138 − 32 Square Machine Screw Nut, Brass

Table 2. American National Standard Slotted 100-Degree Flat Countersunk
Head Machine Screws ANSI B18.6.3-1972 (R1977)

All dimensions are in inches.

Nominal
Sizea

or Basic
Screw Dia.

a When specifying nominal size in decimals, zeros preceding the decimal point and in the fourth dec-
imal place are omitted. 

Head Dia., A Head
Height,

H

Slot
Width,

J

Slot
Depth,

TMax.,
Edge
Sharp

Min.,
Edge

Rounded
or Flat Ref. Max. Min. Max. Min.

0000 0.0210 0.043 0.037 0.009 0.008 0.005 0.008 0.004
000 0.0340 0.064 0.058 0.014 0.012 0.008 0.011 0.007

00 0.0470 0.093 0.085 0.020 0.017 0.010 0.013 0.008
0 0.0600 0.119 0.096 0.026 0.023 0.016 0.013 0.008
1 0.0730 0.146 0.120 0.031 0.026 0.019 0.016 0.010
2 0.0860 0.172 0.143 0.037 0.031 0.023 0.019 0.012
3 0.0990 0.199 0.167 0.043 0.035 0.027 0.022 0.014
4 0.1120 0.225 0.191 0.049 0.039 0.031 0.024 0.017
6 0.1380 0.279 0.238 0.060 0.048 0.039 0.030 0.022
8 0.1640 0.332 0.285 0.072 0.054 0.045 0.036 0.027

10 0.1900 0.385 0.333 0.083 0.060 0.050 0.042 0.031
1⁄4 0.2500 0.507 0.442 0.110 0.075 0.064 0.055 0.042

5⁄16 0.3125 0.635 0.556 0.138 0.084 0.072 0.069 0.053
3⁄8 0.3750 0.762 0.670 0.165 0.094 0.081 0.083 0.065

A

L

H

T

J
99

101
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MACHINE SCREWS 1551

Table 3. American National Standard Slotted Flat Countersunk Head and Close
 Tolerance 100-Degree Flat Countersunk Head Machine Screws

 ANSI B18.6.3-1972 (R1991)

All dimensions are in inches.

SLOTTED FLAT COUNTERSUNK HEAD TYPE

Nominal
Sizea or Basic

Screw Dia.

a When specifying nominal size in decimals, zeros preceding the decimal point and in the fourth dec-
imal place are omitted. 

Max.,
Lb

b These lengths or shorter are undercut. 

Head Dia., A Head
Height, H

Slot
Width, J

Slot
Depth, TMax., Edge

Sharp
Min.,
Edgec

c May be rounded or flat. 

Ref. Max. Min. Max. Min.

0000 0.0210 … 0.043 0.037 0.011 0.008 0.004 0.007 0.003
000 0.0340 … 0.064 0.058 0.016 0.011 0.007 0.009 0.005

00 0.0470 … 0.093 0.085 0.028 0.017 0.010 0.014 0.009
0 0.0600 1⁄8 0.119 0.099 0.035 0.023 0.016 0.015 0.010

1 0.0730 1⁄8 0.146 0.123 0.043 0.026 0.019 0.019 0.012

2 0.0860 1⁄8 0.172 0.147 0.051 0.031 0.023 0.023 0.015

3 0.0990 1⁄8 0.199 0.171 0.059 0.035 0.027 0.027 0.017

4 0.1120 3⁄16 0.225 0.195 0.067 0.039 0.031 0.030 0.020

5 0.1250 3⁄16 0.252 0.220 0.075 0.043 0.035 0.034 0.022

6 0.1380 3⁄16 0.279 0.244 0.083 0.048 0.039 0.038 0.024

8 0.1640 1⁄4 0.332 0.292 0.100 0.054 0.045 0.045 0.029

10 0.1900 5⁄16 0.385 0.340 0.116 0.060 0.050 0.053 0.034

12 0.2160 3⁄8 0.438 0.389 0.132 0.067 0.056 0.060 0.039
1⁄4 0.2500 7⁄16 0.507 0.452 0.153 0.075 0.064 0.070 0.046

5⁄16 0.3125 1⁄2 0.635 0.568 0.191 0.084 0.072 0.088 0.058
3⁄8 0.3750 9⁄16 0.762 0.685 0.230 0.094 0.081 0.106 0.070

7⁄16 0.4375 5⁄8 0.812 0.723 0.223 0.094 0.081 0.103 0.066
1⁄2 0.5000 3⁄4 0.875 0.775 0.223 0.106 0.091 0.103 0.065

9⁄16 0.5625 … 1.000 0.889 0.260 0.118 0.102 0.120 0.077
5⁄8 0.6250 … 1.125 1.002 0.298 0.133 0.116 0.137 0.088
3⁄4 0.7500 … 1.375 1.230 0.372 0.149 0.131 0.171 0.111

CLOSE TOLERANCE 100-DEGREE FLAT COUNTERSUNK HEAD TYPE

Nominal
Sizea

or Basic
Screw Dia.

Head Diameter, A Head
Height,

H

Slot
 Width,

J

Slot
Depth,

T
Max.,
Edge
Sharp

Min.,
Edgec

Ref. Max. Min. Max. Min.

4 0.1120 0.225 0.191 0.049 0.039 0.031 0.024 0.017
6 0.1380 0.279 0.238 0.060 0.048 0.039 0.030 0.022
8 0.1640 0.332 0.285 0.072 0.054 0.045 0.036 0.027

10 0.1900 0.385 0.333 0.083 0.060 0.050 0.042 0.031
1⁄4 0.2500 0.507 0.442 0.110 0.075 0.064 0.055 0.042

5⁄16 0.3125 0.635 0.556 0.138 0.084 0.072 0.069 0.053
3⁄8 0.3750 0.762 0.670 0.165 0.094 0.081 0.083 0.065

7⁄16 0.4375 0.890 0.783 0.193 0.094 0.081 0.097 0.076
1⁄2 0.5000 1.017 0.897 0.221 0.106 0.091 0.111 0.088

9⁄16 0.5625 1.145 1.011 0.249 0.118 0.102 0.125 0.099
5⁄8 0.6250 1.272 1.124 0.276 0.133 0.116 0.139 0.111
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Table 4. American National Standard Slotted Undercut Flat Countersunk Head and 
Plain and Slotted Hex Washer Head Machine Screws ANSI B18.6.3-1972 (R1991)

All dimensions are in inches.

SLOTTED UNDERCUT FLAT COUNTERSUNK HEAD TYPE

Nominal
Sizea or Basic

Screw Dia.

a When specifying nominal size in decimals, zeros preceding the decimal point and in the fourth dec-
imal place are omitted. 

Max.,
Lb

b These lengths or shorter are undercut. 

Head Dia., A Head
Height,

H

Slot
Width,

J

Slot
Depth,

T
Max.,
Edge
Sharp

Min., Edge
Rnded.
or Flat Max. Min. Max. Min. Max. Min.

0 0.0600 1⁄8 0.119 0.099 0.025 0.018 0.023 0.016 0.011 0.007

1 0.0730 1⁄8 0.146 0.123 0.031 0.023 0.026 0.019 0.014 0.009

2 0.0860 1⁄8 0.172 0.147 0.036 0.028 0.031 0.023 0.016 0.011

3 0.0990 1⁄8 0.199 0.171 0.042 0.033 0.035 0.027 0.019 0.012

4 0.1120 3⁄16 0.225 0.195 0.047 0.038 0.039 0.031 0.022 0.014

5 0.1250 3⁄16 0.252 0.220 0.053 0.043 0.043 0.035 0.024 0.016

6 0.1380 3⁄16 0.279 0.244 0.059 0.048 0.048 0.039 0.027 0.017

8 0.1640 1⁄4 0.332 0.292 0.070 0.058 0.054 0.045 0.032 0.021

10 0.1900 5⁄16 0.385 0.340 0.081 0.068 0.060 0.050 0.037 0.024

12 0.2160 3⁄8 0.438 0.389 0.092 0.078 0.067 0.056 0.043 0.028
1⁄4 0.2500 7⁄16 0.507 0.452 0.107 0.092 0.075 0.064 0.050 0.032
5⁄16 0.3125 1⁄2 0.635 0.568 0.134 0.116 0.084 0.072 0.062 0.041
3⁄8 0.3750 9⁄16 0.762 0.685 0.161 0.140 0.094 0.081 0.075 0.049
7⁄16 0.4375 5⁄8 0.812 0.723 0.156 0.133 0.094 0.081 0.072 0.045
1⁄2 0.5000 3⁄4 0.875 0.775 0.156 0.130 0.106 0.091 0.072 0.046

PLAIN AND SLOTTED HEX WASHER HEAD TYPES

Nominal
Sizea

or Basic
Screw Dia.

Width
Across
 Flats,

A

Width
Across-
Corn.,

W

Head
Height,

H

Washer
Dia.,

B

Washer
Thick.,

U

Slota

Width,
J

a Unless otherwise specified, hexagon washer head machine screws are not slotted. 

Slota

Depth,
T

Max. Min. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.

2 0.0860 0.125 0.120 0.134 0.050 0.040 0.166 0.154 0.016 0.010 …. …. …. ….
3 0.0990 0.125 0.120 0.134 0.055 0.044 0.177 0.163 0.016 0.010 …. …. …. ….
4 0.1120 0.188 0.181 0.202 0.060 0.049 0.243 0.225 0.019 0.011 0.039 0.031 0.042 0.025
5 0.1250 0.188 0.181 0.202 0.070 0.058 0.260 0.240 0.025 0.015 0.043 0.035 0.049 0.030
6 0.1380 0.250 0.244 0.272 0.093 0.080 0.328 0.302 0.025 0.015 0.048 0.039 0.053 0.033
8 0.1640 0.250 0.244 0.272 0.110 0.096 0.348 0.322 0.031 0.019 0.054 0.045 0.074 0.052

10 0.1900 0.312 0.305 0.340 0.120 0.105 0.414 0.384 0.031 0.019 0.060 0.050 0.080 0.057
12 0.2160 0.312 0.305 0.340 0.155 0.139 0.432 0.398 0.039 0.022 0.067 0.056 0.103 0.077

1⁄4 0.2500 0.375 0.367 0.409 0.190 0.172 0.520 0.480 0.050 0.030 0.075 0.064 0.111 0.083
5⁄16 0.3125 0.500 0.489 0.545 0.230 0.208 0.676 0.624 0.055 0.035 0.084 0.072 0.134 0.100
3⁄8 0.3750 0.562 0.551 0.614 0.295 0.270 0.780 0.720 0.063 0.037 0.094 0.081 0.168 0.131
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Table 5. American National Standard Slotted Truss Head and Plain and Slotted 
Hexagon Head Machine Screws ANSI B18.6.3-1972 (R1991)

All dimensions are in inches.

SLOTTED TRUSS HEAD TYPE

Nominal
Sizea or Basic

Screw Dia.

a Where specifying nominal size in decimals, zeros preceding decimal points and in the fourth deci-
mal place are omitted. 

Head Dia.,
A

Head Height,
H

Head Radius,
R

Slot Width,
J

Slot Depth,
T

Max. Min. Max. Min. Max. Max. Min. Max. Min.

0000 0.0210 0.049 0.043 0.014 0.010 0.032 0.009 0.005 0.009 0.005
000 0.0340 0.077 0.071 0.022 0.018 0.051 0.013 0.009 0.013 0.009

00 0.0470 0.106 0.098 0.030 0.024 0.070 0.017 0.010 0.018 0.012
0 0.0600 0.131 0.119 0.037 0.029 0.087 0.023 0.016 0.022 0.014
1 0.0730 0.164 0.149 0.045 0.037 0.107 0.026 0.019 0.027 0.018
2 0.0860 0.194 0.180 0.053 0.044 0.129 0.031 0.023 0.031 0.022
3 0.0990 0.226 0.211 0.061 0.051 0.151 0.035 0.027 0.036 0.026
4 0.1120 0.257 0.241 0.069 0.059 0.169 0.039 0.031 0.040 0.030
5 0.1250 0.289 0.272 0.078 0.066 0.191 0.043 0.035 0.045 0.034
6 0.1380 0.321 0.303 0.086 0.074 0.211 0.048 0.039 0.050 0.037
8 0.1640 0.384 0.364 0.102 0.088 0.254 0.054 0.045 0.058 0.045

10 0.1900 0.448 0.425 0.118 0.103 0.283 0.060 0.050 0.068 0.053
12 0.2160 0.511 0.487 0.134 0.118 0.336 0.067 0.056 0.077 0.061

1⁄4 0.2500 0.573 0.546 0.150 0.133 0.375 0.075 0.064 0.087 0.070
5⁄16 0.3125 0.698 0.666 0.183 0.162 0.457 0.084 0.072 0.106 0.085
3⁄8 0.3750 0.823 0.787 0.215 0.191 0.538 0.094 0.081 0.124 0.100
7⁄16 0.4375 0.948 0.907 0.248 0.221 0.619 0.094 0.081 0.142 0.116
1⁄2 0.5000 1.073 1.028 0.280 0.250 0.701 0.106 0.091 0.161 0.131
9⁄16 0.5625 1.198 1.149 0.312 0.279 0.783 0.118 0.102 0.179 0.146
5⁄8 0.6250 1.323 1.269 0.345 0.309 0.863 0.133 0.116 0.196 0.162
3⁄4 0.7500 1.573 1.511 0.410 0.368 1.024 0.149 0.131 0.234 0.182

PLAIN AND SLOTTED HEXAGON HEAD TYPES

Nominal
Sizea

or Basic
Screw Dia.

Regular Head Large Head
Head

Height, H
Slota

Width, J

a Unless otherwise specified, hexagon head machine screws are not slotted. 

Slota

Depth, T
Width
Across
Flats, A

Across
Corn., W

Width
Across
Flats, A

Across
Corn., W

Max. Min. Min. Max. Min. Min. Max. Min. Max. Min. Max. Min.

1 .0730 .125 .120 .134 … … … .044 .036 … … … …
2 0.0860 .125 .120 .134 … … … .050 .040 … … … …
3 0.0990 .188 .181 .202 … … … .055 .044 … … … …
4 0.1120 .188 .181 .202 .219 .213 .238 .060 .049 .039 .031 .036 .02
5 0.1250 .188 .181 .202 .250 .244 .272 .070 .058 .043 .035 .042 .03
6 0.1380 .250 .244 .272 … … … .093 .080 .048 .039 .046 .03
8 0.1640 .250 .244 .272 .312 .305 .340 .110 .096 .054 .045 .066 .05

10 0.1900 .312 .305 .340 … … … .120 .105 .060 .050 .072 .057
12 0.2160 .312 .305 .340 .375 .367 .409 .155 .139 .067 .056 .093 .07

1⁄4 0.2500 .375 .367 .409 .438 .428 .477 .190 .172 .075 .064 .101 .08
5⁄16 0.3125 .500 .489 .545 … … … .230 .208 .084 .072 .122 .10
3⁄8 0.3750 .562 .551 .614 … … … .295 .270 .094 .081 .156 .13
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Table 6. American National Standard Slotted Pan Head Machine Screws
 ANSI B18.6.3-1972 (R1991)

All dimensions are in inches.

Table 7. Nos. 0000, 000 and 00 Threads ANSI B18.6.3-1972 (R1991) Appendix

All dimensions are in inches.

Nominal
Sizea

or Basic
Screw Dia.

a Where specifying nominal size in decimals, zeros preceding decimal and in the fourth decimal
place are omitted. 

Head
Dia.,

A

Head
Height,

H

Head
Radius,

R

Slot
Width,

J

Slot
Depth,

T

Max. Min. Max. Min. Max. Max. Min. Max. Min.

0000 0.0210 .042 .036 .016 .010 .007 .008 .004 .008 .004
000 0.0340 .066 .060 .023 .017 .010 .012 .008 .012 .008

00 0.0470 .090 .082 .032 .025 .015 .017 .010 .016 .010
0 0.0600 .116 .104 .039 .031 .020 .023 .016 .022 .014
1 0.0730 .142 .130 .046 .038 .025 .026 .019 .027 .018
2 0.0860 .167 .155 .053 .045 .035 .031 .023 .031 .022
3 0.0990 .193 .180 .060 .051 .037 .035 .027 .036 .026
4 0.1120 .219 .205 .068 .058 .042 .039 .031 .040 .030
5 0.1250 .245 .231 .075 .065 .044 .043 .035 .045 .034
6 0.1380 .270 .256 .082 .072 .046 .048 .039 .050 .037
8 0.1640 .322 .306 .096 .085 .052 .054 .045 .058 .045

10 0.1900 .373 .357 .110 .099 .061 .060 .050 .068 .053
12 0.2160 .425 .407 .125 .112 .078 .067 .056 .077 .061

1⁄4 0.2500 .492 .473 .144 .130 .087 .075 .064 .087 .070
5⁄16 0.3125 .615 .594 .178 .162 .099 .084 .072 .106 .085
3⁄8 0.3750 .740 .716 .212 .195 .143 .094 .081 .124 .100
7⁄16 0.4375 .863 .837 .247 .228 .153 .094 .081 .142 .116
1⁄2 0.5000 .987 .958 .281 .260 .175 .106 .091 .161 .131
9⁄16 0.5625 1.041 1.000 .315 .293 .197 .118 .102 .179 .146
5⁄8 0.6250 1.172 1.125 .350 .325 .219 .133 .116 .197 .162
3⁄4 0.7500 1.435 1.375 .419 .390 .263 .149 .131 .234 .192

Nominal
Sizea

and
Threads
Per Inch

a Where specifying nominal size in decimals, zeros preceding decimal and in the fourth decimal
place are omitted. 

Se
ri

es
D

es
ig

na
t.

Externalb

b There is no allowance provided on the external threads. 

Internalc

c The minor diameter limits for internal threads are not specified, they being determined by the
amount of thread engagement necessary to satisfy the strength requirements and tapping performance
in the intended application. 

C
la

ss

Major
Diameter

Pitch
Diameter Minor

Dia. C
la

ss

Pitch
Diameter

Major
Dia.

Max. Min. Max. Min. Tol. Min. Max. Tol. Min.

0000-160 or
0.0210-160 NS 2 .0210 .0195 .0169 .0158 .0011 .0128 2 .0169 .0181 .0012 .0210

000-120 or
0.0340-120 NS 2 .0340 .0325 .0286 0.272 .0014 .0232 2 .0286 .0300 .0014 .034

00-90 or
0.0470-90 NS 2 .0470 .0450 .0398 .0382 .0016 .0326 2 .0398 .0414 .0016 .047

00-96 or
0.0470-96 NS 2 .0470 .0450 .0402 .0386 .0016 .0334 2 .0402 .0418 .0016 .047
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All dimensions are in inches.
1Where specifying nominal size in decimals, zeros preceding decimal points and in the fourth dec-

imal place are omitted.
2Drilled hole shall be approximately perpendicular to the axis of slot and may be permitted to break

through bottom of the slot. Edges of the hole shall be free from burrs.
3A slight rounding of the edges at periphery of head is permissible provided the diameter of the

bearing circle is equal to no less than 90 per cent of the specified minimum head diameter.

Table 8. American National Standard Slotted Fillister and Slotted Drilled
 Fillister Head Machine Screws ANSI B18.6.3-1972 (R1991)

SLOTTED FILLISTER HEAD TYPE

Nominal
Size1 or Basic

Screw Dia.

Head Dia.,
A

Head Side
Height,

H

Total Head
Height,

O
Slot Width,

J
Slot Depth,

T

Max. Min. Max. Min. Max. Min. Max Min. Max. Min.

0000 0.0210 .038 .032 .019 .011 .025 .15 .008 .004 .012 .006
000 0.0340 .059 .053 .029 .021 .035 .027 .012 .006 .017 .011

00 0.0470 .082 .072 .037 .028 .047 .039 .017 .010 .022 .015
0 0.0600 .096 .083 .043 .038 .055 .047 .023 .016 .025 .015
1 0.0730 .118 .104 .053 .045 .066 .058 .026 .019 .031 .020
2 0.0860 .140 .124 .062 .053 .083 .066 .031 .023 .037 .025
3 0.0990 .161 .145 .070 .061 .095 .077 .035 .027 .043 .030
4 0.1120 .183 .166 .079 .069 .107 .088 .039 .031 .048 .035
5 0.1250 .205 .187 .088 .078 .120 .100 .043 .035 .054 .040
6 0.1380 .226 .208 .096 .086 .132 .111 .048 .039 .060 .045
8 0.1640 .270 .250 .113 .102 .156 .133 .054 .045 .071 .054

10 0.1900 .313 .292 .130 .118 .180 .156 .060 .050 .083 .064
12 0.2160 .357 .334 .148 .134 .205 .178 .067 .056 .094 .074

1⁄4 0.2500 .414 .389 .170 .155 .237 .207 .075 .064 .109 .087
5⁄16 0.3125 .518 .490 .211 .194 .295 .262 .084 .072 .137 .110
3⁄8 0.3750 .622 .590 .253 .233 .355 .315 .094 .081 .164 .133
7⁄16 0.4375 .625 .589 .265 .242 .368 .321 .094 .081 .170 .135
1⁄2 0.5000 .750 .710 .297 .273 .412 .362 .106 .091 .190 .151
9⁄16 0.5625 .812 .768 .336 .308 .466 .410 .118 .102 .214 .172
5⁄8 0.6250 .875 .827 .375 .345 .521 .461 .133 .116 .240 .193
3⁄4 0.7500 1.000 .945 .441 .406 .612 .542 .149 .131 .281 .226

SLOTTED DRILLED FILLISTER HEAD TYPE

Nominal
Size1

or Basic
Screw Dia.

Head
Dia.,

A

Head
Side

Height,
H

Total
Head

Height,
O

Slot
Width,

J

Slot
Depth,

T

Drilled
Hole

Locat.,
E

Drilled
Hole.
Dia.,

F

Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Basic Basic

2 0.0860 .140 .124 .062 .055 .083 .070 .031 .023 .030 .022 .026 .031
3 0.0990 .161 .145 .070 .064 .095 .082 .035 .027 .034 .026 .030 .037
4 0.1120 .183 .166 .079 .072 .107 .094 .039 .031 .038 .030 .035 .037
5 0.1250 .205 .187 .088 .081 .120 .106 .043 .035 .042 .033 .038 .046
6 0.1380 .226 .208 .096 .089 .132 .118 .048 .039 .045 .035 .043 .046
8 0.1640 .270 .250 .113 .106 .156 .141 .054 .045 .065 .054 .043 .046

10 0.1900 .313 .292 .130 .123 .180 .165 .060 .050 .075 .064 .043 .046
12 0.2160 .357 .334 .148 .139 .205 .188 .067 .056 .087 .074 .053 .046

1⁄4 0.2500 .414 .389 .170 .161 .237 .219 .075 .064 .102 .087 .062 .062
5⁄16 0.3125 .518 .490 .211 .201 .295 .276 .084 .072 .130 .110 .078 .070
3⁄8 0.3750 .622 .590 .253 .242 .355 .333 .094 .081 .154 .134 .094 .070
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Table 9. American National Standard Slotted Oval Countersunk 
Head Machine Screws  ANSI B18.6.3-1972 (R1991)

All dimensions are in inches.

Table 10. American National Standard Header Points for 
Machine Screws before Threading ANSI B18.6.3-1972 (R1991)

All dimensions in inches. Edges of point may be rounded and end of point need not be flat nor per-
pendicular to shank. Machine screws normally have plain sheared ends but when specified may have
header points, as shown above.

Nominal
Sizea

or Basic
Screw Dia.

a When specifying nominal size in decimals, zeros preceding decimal points and in the fourth deci-
mal place are omitted. 

Max
Lb

b These lengths or shorter are undercut. 

Head Dia.,
A

Head
Side

Height,
H,

Total Head
Height,

O

Slot
Width,

J

Slot
Depth,

TMax.,
Edge
Sharp

Min.,
Edge

Rnded.
or Flat Ref. Max. Min. Max. Min. Max. Min.

00 0.0470 … .093 .085 .028 .042 .034 .017 .010 .023 .016
0 0.0600 1⁄8 .119 .099 .035 .056 .041 .023 .016 .030 .025

1 0.0730 1⁄8 .146 .123 .043 .068 .052 .026 .019 .038 .031

2 0.0860 1⁄8 .172 .147 .051 .080 .063 .031 .023 .045 .037

3 0.0990 1⁄8 .199 .171 .059 .092 .073 .035 .027 .052 .043

4 0.1120 3⁄16 .225 .195 .067 .104 .084 .039 .031 .059 .049

5 0.1250 3⁄16 .252 .220 .075 .116 .095 .043 .035 .067 .055

6 0.1380 3⁄16 .279 .244 .083 .128 .105 .048 .039 .074 .060

8 0.1640 1⁄4 .332 .292 .100 .152 .126 .054 .045 .088 .072

10 0.1900 5⁄16 .385 .340 .116 .176 .148 .060 .050 .103 .084

12 0.2160 3⁄8 .438 .389 .132 .200 .169 .067 .056 .117 .096
1⁄4 0.2500 7⁄16 .507 .452 .153 .232 .197 .075 .064 .136 .112
5⁄16 0.3125 1⁄2 .635 .568 .191 .290 .249 .084 .072 .171 .141
3⁄8 0.3750 9⁄16 .762 .685 .230 .347 .300 .094 .081 .206 .170
7⁄16 0.4375 5⁄8 .812 .723 .223 .345 .295 .094 .081 .210 .174
1⁄2 0.5000 3⁄4 .875 .775 .223 .354 .299 .106 .091 .216 .176
9⁄16 0.5625 … 1.000 .889 .260 .410 .350 .118 .102 .250 .207
5⁄8 0.6250 … 1.125 1.002 .298 .467 .399 .133 .116 .285 .235
3⁄4 0.7500 … 1.375 1.230 .372 .578 .497 .149 .131 .353 .293

Nom.
Size

Threads
per Inch

Max.
P

Min.
P

Max.
L

10
24 0.125 0.112

11⁄4
32 0.138 0.124

Nom.
Size.

Threads
per Inch

Max.
P

Min.
P

Max.
L

12
24 0.149 0.134

13⁄828 0.156 0.141

2
56 0.057 0.050 1⁄2 1⁄4

20 0.170 0.153
11⁄264 0.060 0.053 28 0.187 0.169

4
40 0.074 0.065 1⁄2 5⁄16

18 0.221 0.200
11⁄248 0.079 0.070 24 0.237 0.215

5
40 0.086 0.076 1⁄2 3⁄8

16 0.270 0.244
11⁄244 0.088 0.079 24 0.295 0.267

6
32 0.090 0.080 3⁄4 7⁄16

14 0.316 0.287
11⁄240 0.098 0.087 20 0.342 0.310

8
32 0.114 0.102

1 1⁄2
13 0.367 0.333

11⁄236 0.118 0.106 20 0.399 0.362
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Table 11. American National Standard Slotted Binding Head and Slotted Undercut 
Oval Countersunk Head Machine Screws ANSI B18.6.3-1972 (R1991)

All dimensions are in inches.

SLOTTED BINDING HEAD TYPE

Nominal
Sizea

or Basic
Screw Dia.

a Where specifying nominal size in decimals, zeros preceding decimal points and in the fourth deci-
mal place are omitted. 

Head
Dia.,

A

Total Head
Height,

O

Head Oval
Height,

F

Slot
Width,

J

Slot
Depth,

T

Undercutb

Dia.,
U

b Unless otherwise specified, slotted binding head machine screws are not undercut. 

Undercutb

Depth,
X

Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.

0000 0.0210 .046 .040 .014 .009 .006 .003 .008 .004 .009 .005 … … … …
000 0.0340 .073 .067 .021 .015 .008 .005 .012 .006 .013 .009 … … … …

00 0.0470 .098 .090 .028 .023 .011 .007 .017 .010 .018 .012 … … … …
0 0.0600 .126 .119 .032 .026 .012 .008 .023 .016 .018 .009 .098 .086 .007 .002
1 0.0730 .153 .145 .041 .035 .015 .011 .026 .019 .024 .014 .120 .105 .008 .003
2 0.0860 .181 .171 .050 .043 .018 .013 .031 .023 .030 .020 .141 .124 .010 .005
3 0.0990 .208 .197 .059 .052 .022 .016 .035 .027 .036 .025 .162 .143 .011 .006
4 0.1120 .235 .223 .068 .061 .025 .018 .039 .031 .042 .030 .184 .161 .012 .007
5 0.1250 .263 .249 .078 .069 .029 .021 .043 .035 .048 .035 .205 .180 .014 .009
6 0.1380 .290 .275 .087 .078 .032 .024 .048 .039 .053 .040 .226 .199 .015 .010
8 0.1640 .344 .326 .105 .095 .039 .029 .054 .045 .065 .050 .269 .236 .017 .012

10 0.1900 .399 .378 .123 .112 .045 .034 .060 .050 .077 .060 .312 .274 .020 .015
12 0.2160 .454 .430 .141 .130 .052 .039 .067 .056 .089 .070 .354 .311 .023 .018

1⁄4 0.2500 .525 .498 .165 .152 .061 .046 .075 .064 .105 .084 .410 .360 .026 .021
5⁄16 0.3125 .656 .622 .209 .194 .077 .059 .084 .072 .134 .108 .513 .450 .032 .027
3⁄8 0.3750 .788 .746 .253 .235 .094 .071 .094 .081 .163 .132 .615 .540 .039 .034

SLOTTED UNDERCUT OVAL COUNTERSUNK HEAD TYPES

Nominal
Sizea

or Basic
Screw Dia.

Max.
La

a These lengths or shorter are undercut. 

Head Dia.,
A

Head
Side

Height,
H

Total
Head

Height,
O

Slot
Width,

J

Slot
Depth,

TMax.,
Edge
Sharp

Min.,
Edge

Rnded.
or Flat Ref. Max. Min. Max. Min. Max. Min.

0 0.0600 1⁄8 .119 .099 .025 .046 .033 .023 .016 .028 .022

1 0.0730 1⁄8 .146 .123 .031 .056 .042 .026 .019 .034 .027

2 0.0860 1⁄8 .172 .147 .036 .065 .050 .031 .023 .040 .033

3 0.0990 1⁄8 .199 .171 .042 .075 .059 .035 .027 .047 .038

4 0.1120 3⁄16 .225 .195 .047 .084 .067 .039 .031 .053 .043

5 0.1250 3⁄16 .252 .220 .053 .094 .076 .043 .035 .059 .048

6 0.1380 3⁄16 .279 .244 .059 .104 .084 .048 .039 .065 .053

8 0.1640 1⁄4 .332 .292 .070 .123 .101 .054 .045 .078 .064

10 0.1900 5⁄16 .385 .340 .081 .142 .118 .060 .050 .090 .074

12 0.2160 3⁄8 .438 .389 .092 .161 .135 .067 .056 .103 .085
1⁄4 0.2500 7⁄16 .507 .452 .107 .186 .158 .075 .064 .119 .098
5⁄16 0.3125 1⁄2 .635 .568 .134 .232 .198 .084 .072 .149 .124
3⁄8 0.3750 9⁄16 .762 .685 .161 .278 .239 .094 .081 .179 .149
7⁄16 0.4375 5⁄8 .812 .723 .156 .279 .239 .094 .081 .184 .154
1⁄2 0.5000 3⁄4 .875 .775 .156 .288 .244 .106 .091 .204 .169
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Table 12. Slotted Round Head Machine Screws 
 ANSI B18.6.3-1972 (R1991) Appendix

All dimensions are in inches.
Not recommended, use Pan Head machine screws.

Machine Screw Cross Recesses.—Four cross recesses, Types I, IA, II, and III, may be
used in lieu of slots in machine screw heads. Dimensions for recess diameter M, width N,
and depth T (not shown above) together with recess penetration gaging depths are given in
American National Standard ANSI B18.6.3-1972 (R1991) for machine screws, and in
ANSI/ASME B18.6.7M-1985 for metric machine screws.

ANSI Cross References for Machine Screws and Metric Machine Screw

Nominal
Sizea or Basic

Screw Dia.

a When specifying nominal size in decimals, zeros preceding decimal point and in the fourth decimal
place are omitted. 

Head Diameter,
A

Head Height,
H

Slot Width,
J

Slot Depth,
T

Max. Min. Max. Min. Max. Min. Max. Min.

0000 0.0210 .041 .035 .022 .016 .008 .004 .017 .013

000 0.0340 .062 .056 .031 .025 .012 .008 .018 .012

00 0.0470 .089 .080 .045 .036 .017 .010 .026 .018

0 0.0600 .113 .099 .053 .043 .023 .016 .039 .029

1 0.0730 .138 .122 .061 .051 .026 .019 .044 .033

2 0.0860 .162 .146 .069 .059 .031 .023 .048 .037

3 0.0990 .187 .169 .078 .067 .035 .027 .053 .040

4 0.1120 .211 .193 .086 .075 .039 .031 .058 .044

5 0.1250 .236 .217 .095 .083 .043 .035 .063 .047

6 0.1380 .260 .240 .103 .091 .048 .039 .068 .051

8 0.1640 .309 .287 .120 .107 .054 .045 .077 .058

10 0.1900 .359 .334 .137 .123 .060 .050 .087 .065

12 0.2160 .408 .382 .153 .139 .067 .056 .096 .073
1⁄4 0.2500 .472 .443 .175 .160 .075 .064 .109 .082

5⁄16 0.3125 .590 .557 .216 .198 .084 .072 .132 .099

3⁄8 0.3750 .708 .670 .256 .237 .094 .081 .155 .117

7⁄16 0.4375 .750 .707 .328 .307 .094 .081 .196 .148

1⁄2 0.5000 .813 .766 .355 .332 .106 .091 .211 .159

9⁄16 0.5625 .938 .887 .410 .385 .118 .102 .242 .183

5⁄8 0.6250 1.000 .944 .438 .411 .133 .116 .258 .195

3⁄4 0.7500 1.250 1.185 .547 .516 .149 .131 .320 .242

Type I Cross Recess Type IA Cross Recess Type II Cross Recess Type III Square Center
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Slotted Head Miniature Screws

The ASA B18.11 standard establishes head types, their dimensions, and lengths of slot-
ted head miniature screws, threaded in conformance with American Standard Unified
Miniature Screw Threads, ASA B1.10. The standard covers threads of a nominal diameter
from 0.0118 inch (0.3 mm) to 0.0551 inch (1.4 mm). Preferred diameter pitch combina-
tions for general use are shown in bold type in the tables. 

Head Types.—Fillister Head: The fillister head has a flat top surface (oval crown
optional) with cylindrical sides and a flat bearing surface. The head proportions are given
in Table 13.

Pan Head: The pan head has a flat top surface, cylindrical sides, and a flat bearing sur-
face. The head height is less than the fillister but the head diameter is slightly larger. Head
proportions are given in Table 14.

Flat Head: The flat head has a flat top surface and a conical bearing surface with an
included angle of approximately 100°. Head proportions are given in Table 15.

Binding Head: The head height is less than the pan head but the head diameter is greater,
and is intended for applications which would otherwise require washers. Head proportions
are given in Table 16.

Table 13. Miniature Screws – Fillister Head  ASA B18.11-1961, R2005

Size
Desig-
nation

Thds
per

Inch

D
Basic 
Major
Dia.

Fillister Head Dimensions

A
Head Dia.

H
Head Hgt

J
 Slot Width

T
Slot Depth a

a T measured from bearing surface. 

C
Chamfer

R
Radiusb

b Relative to maximum major diameter. 

Max Max Min Max Min Max Min Max Min Max Min

30 UNM 318 0.0118 0.021 0.019 0.012 0.010 0.004 0.003 0.006 0.004 0.002 0.002
35 UNM 282 0.0138 0.023 0.021 0.014 0.012 0.004 0.003 0.007 0.005 0.002 0.002
40 UNM 254 0.0157 0.025 0.023 0.016 0.013 0.005 0.003 0.008 0.006 0.002 0.002
45 UNM 254 0.0177 0.029 0.027 0.018 0.015 0.005 0.003 0.009 0.007 0.002 0.002
50 UNM 203 0.0197 0.033 0.031 0.020 0.017 0.006 0.004 0.010 0.007 0.003 0.002
55 UNM 203 0.0217 0.037 0.035 0.022 0.019 0.006 0.004 0.011 0.008 0.003 0.002
60 UNM 169 0.0236 0.041 0.039 0.025 0.021 0.008 0.005 0.012 0.009 0.004 0.003
70 UNM 145 0.0276 0.045 0.043 0.028 0.024 0.008 0.005 0.014 0.011 0.004 0.003
80 UNM 127 0.0315 0.051 0.049 0.032 0.028 0.010 0.007 0.016 0.012 0.005 0.004
90 UNM 113 0.0354 0.056 0.054 0.036 0.032 0.010 0.007 0.018 0.014 0.005 0.004

100 UNM 102 0.0394 0.062 0.058 0.040 0.035 0.012 0.008 0.020 0.016 0.006 0.005
110 UNM 102 0.0433 0.072 0.068 0.045 0.040 0.012 0.008 0.022 0.018 0.006 0.005
120 UNM 102 0.0472 0.082 0.078 0.050 0.045 0.016 0.012 0.025 0.020 0.008 0.006
140 UNM 85 0.0551 0.092 0.088 0.055 0.050 0.016 0.012 0.028 0.023 0.008 0.006

Bold face type indicates preferred sizes. See Notes for Tables 1 through 4 on page 1560.
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1560 MINIATURE SCREWS

Notes for Tables 1 through 4
Material: 

Corrosion resistant steels: ASTM Designation A276
  CLASS 303, COND A
  CLASS 416, COND A, heat treat to approx 120,000-150,000 PSI (ROCKWELL C28-34)
  CLASS 420, COND A, heat treat to approx 220,000-240,000 PSI (ROCKWELL C50-53)

Brass: Temper half hard ASTM Designation B16
Nickel Silver: Temper hard ASTM Designation B151, Alloy C

Machine Finish:
Machined surface roughness of heads shall be approximately 63µin. arithmetical average determined by visual 
comparison.

Applied coatings:
Corrosion resistant steel: Passivate; Brass: Bare, black oxide, or nickel flash. 
Nickel silver: None

Notes:
1) The diameter of the unthreaded body shall not be more than the maximum major diameter nor less than the 

minimum pitch diameter of the thread.
2) For screw lengths four times the major diameter or less, thread length (LT) shall extend to within two threads 

of the head bearing surface. Screws of greater length shall have complete threads for a minimum of four 
major diameters.

3) Screws shall be free of all projecting burrs, observed at 3× magnification.
4) All dimensions are in inches.

Table 14. Miniature Screws – Pan Head  ASA B18.11-1961, R2005

Size
Desig-
nation

Thds
per

Inch

D
Basic 
Major
Dia.,M

ax

Pan Head Dimensions

A
Head Dia.

H
Head Hgt

J
 Slot Width

T
Slot Depth a

a T measured from bearing surface. 

C
Chamfer

R
Radiusb

b Relative to maximum major diameter. 

Max Min Max Min Max Min Max Min Max Min

30 UNM 318 0.0118 0.025 0.023 0.010 0.008 0.005 0.003 0.005 0.003 0.002 0.002
35 UNM 282 0.0138 0.029 0.027 0.011 0.009 0.005 0.003 0.006 0.004 0.002 0.002
40 UNM 254 0.0157 0.033 0.031 0.012 0.010 0.006 0.004 0.006 0.004 0.002 0.002
45 UNM 254 0.0177 0.037 0.035 0.014 0.012 0.006 0.004 0.007 0.005 0.002 0.002
50 UNM 203 0.0197 0.041 0.039 0.016 0.013 0.008 0.005 0.008 0.006 0.003 0.002
55 UNM 203 0.0217 0.045 0.043 0.018 0.015 0.008 0.005 0.009 0.007 0.003 0.002
60 UNM 169 0.0236 0.051 0.049 0.020 0.017 0.010 0.007 0.010 0.007 0.004 0.003
70 UNM 145 0.0276 0.056 0.054 0.022 0.019 0.010 0.007 0.011 0.008 0.004 0.003
80 UNM 127 0.0315 0.062 0.058 0.025 0.021 0.012 0.008 0.012 0.009 0.005 0.004
90 UNM 113 0.0354 0.072 0.068 0.028 0.024 0.012 0.008 0.014 0.011 0.005 0.004

100 UNM 102 0.0394 0.082 0.078 0.032 0.028 0.016 0.012 0.018 0.014 0.006 0.005
110 UNM 102 0.0433 0.092 0.088 0.036 0.032 0.016 0.012 0.018 0.014 0.006 0.005
120 UNM 102 0.0472 0.103 0.097 0.040 0.035 0.020 0.015 0.020 0.016 0.008 0.006
140 UNM 85 0.0551 0.113 0.107 0.045 0.040 0.020 0.015 0.022 0.018 0.008 0.006

Bold face type indicates preferred sizes. See Notes for Tables 1 through 4 on page 1560.
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MINIATURE SCREWS 1561

Specifications.—Head Height: The head heights given in the dimensional tables repre-
sent the metal measurement (after slotting).

Depth of Slots: The depth of slots on fillister, pan and binding head screws is measured
from the bearing surface to the intersection of the bottom of the slot with the head diameter.
On heads with a conical bearing surface, the depth of slots is measured parallel to the axis
of the screw from the flat top surface to the intersection of the bottom of the slot with the
bearing surface. The maximum permissible concavity of the slot shall not exceed 3 per cent
of the mean head diameter.

Bearing Surface:  The bearing surface of fillister, pan and binding head screws shall be at
right angles to the axis of the body within 2°.

Eccentricity: Eccentricity is defined as one half of the total indicator reading.

Head Eccentricity: The heads of miniature fastening screws shall not be eccentric with
the screw bodies by more than 2 per cent of the maximum head diameter or 0.001 inch,
whichever is the greater.

Eccentricity of Slots: Slots in miniature fastening screw heads shall not be eccentric with
screw bodies by more than 5 per cent of the nominal body diameter.

Table 15. Miniature Screws – 100° Flat Head  ASA B18.11-1961, R2005

Size
Desig-
nation

Thds
per 

Inch

D
Basic
Major
Dia.

Head Dimensions

A
Head Dia.

Av at Full
 Cone a

at max H

H
Head Hgt

J
 Slot Width

T
Slot Depth

R
Radius

b

Max Max Min Max Min Max Min Max Min Max

30 UNM 318 0.0118 0.023 0.021 0.0285 0.007 0.005 0.004 0.003 0.004 0.002 0.005
35 UNM 282 0.0138 0.025 0.023 0.0305 0.007 0.005 0.004 0.003 0.004 0.002 0.005
40 UNM 254 0.0157 0.029 0.027 0.0348 0.008 0.006 0.005 0.003 0.005 0.003 0.006
45 UNM 254 0.0177 0.033 0.031 0.0392 0.009 0.007 0.005 0.003 0.005 0.003 0.006
50 UNM 203 0.0197 0.037 0.035 0.0459 0.011 0.008 0.006 0.004 0.006 0.004 0.008
55 UNM 203 0.0217 0.041 0.039 0.0503 0.012 0.009 0.006 0.004 0.006 0.004 0.008
60 UNM 169 0.0236 0.045 0.043 0.0546 0.013 0.010 0.008 0.005 0.008 0.005 0.010
70 UNM 145 0.0276 0.051 0.049 0.0610 0.014 0.011 0.008 0.005 0.008 0.005 0.010
80 UNM 127 0.0315 0.056 0.054 0.0696 0.016 0.012 0.010 0.007 0.010 0.006 0.012
90 UNM 113 0.0354 0.062 0.058 0.0759 0.017 0.013 0.010 0.007 0.010 0.006 0.012

100 UNM 102 0.0394 0.072 0.068 0.0847 0.019 0.015 0.012 0.008 0.012 0.008 0.016
110 UNM 102 0.0433 0.082 0.078 0.0957 0.022 0.018 0.012 0.008 0.012 0.008 0.016
120 UNM 102 0.0472 0.092 0.088 0.1068 0.025 0.020 0.016 0.012 0.016 0.010 0.020
140 UNM 85 0.0551 0.103 0.097 0.1197 0.027 0.022 0.016 0.012 0.016 0.010 0.020

Bold face type indicates preferred sizes. See Notes for Tables 1 through 4 on page 1560.

a Av  derived from maximum D, maximum H,  and mean angle. 
b Relative to maximum major diameter. 
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1562 MINIATURE SCREWS

Underhead Fillets: The radius of the fillet under perpendicular bearing surface type
heads shall not exceed 1⁄2 times the pitch of the thread. The radius of the fillet under conical
bearing surface type heads shall not exceed 2 times the pitch of the thread. The radius of the
fillet under the binding head is given in Table 16.

Unthreaded Diameter: On miniature fastening screws not threaded to the head, the
diameter of the unthreaded body shall not be more than the maximum major diameter of
the thread nor less than the minimum pitch diameter of the thread.

Length: The length of miniature screws having perpendicular bearing surface type heads
shall be measured from the bearing surface to the extreme end in a line parallel to the axis
of the screw. The length of screws with conical bearing surface type heads shall be mea-
sured from the top of the head to the extreme end in a line parallel to the axis of the screw.
Preferred lengths are those listed in Table 17.

Tolerance on Length: The length tolerance of miniature screws shall conform to the lim-
its given in Table 17.

Length of Thread: On all miniature screws having a length four times the nominal body
diameter or less the threaded length shall extend to within two threads of the bearing sur-
face of the head. Screws of greater length shall possess complete threads for a minimum of
four diameters.

Table 16. Miniature Screws – Binding Head  ASA B18.11-1961, R2005

Size
Desig- 
nation

Thds
per
Inch

D
Basic
Major 
Dia

Binding Head Dimensions

A
Head Dia.

H
Head Hgt

J
 Slot Width

T
Slot Depth a

C
Chamfer

R
Radius

Max Max Min Max Min Max Min Max Min Max Max Min

40 UNM 254 0.0157 0.041 0.039 0.010 0.008 0.006 0.004 0.005 0.003 0.002 0.004 0.002

45 UNM 254 0.0177 0.045 0.043 0.011 0.009 0.006 0.004 0.006 0.004 0.002 0.004 0.002
50 UNM 203 0.0197 0.051 0.049 0.012 0.010 0.008 0.005 0.006 0.004 0.003 0.004 0.002
55 UNM 203 0.0217 0.056 0.054 0.014 0.012 0.008 0.005 0.007 0.005 0.003 0.004 0.002
60 UNM 169 0.0236 0.062 0.058 0.016 0.013 0.010 0.007 0.008 0.006 0.004 0.006 0.003
70 UNM 145 0.0276 0.072 0.068 0.018 0.015 0.010 0.007 0.009 0.007 0.004 0.006 0.003
80 UNM 127 0.0315 0.082 0.078 0.020 0.017 0.012 0.008 0.010 0.007 0.005 0.008 0.004
90 UNM 113 0.0354 0.092 0.088 0.022 0.019 0.012 0.008 0.011 0.008 0.005 0.008 0.004

100 UNM 102 0.0394 0.103 0.097 0.025 0.021 0.016 10.012 0.012 0.009 0.006 0.010 0.005
110 UNM 102 0.0433 0.113 0.107 0.028 0.024 0.016 0.012 0.014 0.011 0.006 0.010 0.005
120 UNM 102 0.0472 0.124 0.116 0.032 0.028 0.020 0.015 0.016 0.012 0.008 0.012 0.006
140 UNM 85 0.0551 0.144 0.136 0.036 0.032 0.020 0.015 0.018 0.014 0.008 0.012 0.006

Bold face type indicates preferred sizes. See Notes for Tables 1 through 4 below.

a T measured from bearing surface. 

A J

C T
H

L
T

L

45Ο + 0o

- 5o

UNM THREAD
ASA B1.10

D

45Ο + 0o

- 5o

R

TO MINOR

DIA MIN.

Machinery's Handbook 28th Edition

Copyright 2008, Industrial Press Inc., New York, NY - www.industrialpress.com



M
IN

IA
T

U
R

E
 SC

R
E

W
S

1563
Table 17. Miniature Screw Standard Lengths – Fillister Head, Pan Head, Binding Head, and 100° Flat Head  ASA B18.11

Bold face type indicates preferred sizes. Sizes surrounded by heavy line apply to 100° Flat Head only.

Length (In.)
30

 UNM a

a Sizes 30 UMN and 35 UMN are not specified for Binding Head. 

35
 UNM a

40
 UNM

45
 UNM

50
 UNM

55
 UNM

60
 UNM

70
 UNM

80
 UNM

90
 UNM

100
 UNM

110
 UNM

120
 UNM

140
 UNM

Min. Max. (0.0118) (0.0138) (0.0157) (0.0177 (0.0197) (0.0217) (0.0236) (0.0276) (0.0315) (0.0354) (0.0394) (0.0433) (0.0472) (0.0551)

0.016 0.020 30-020 b

b Does not apply to 100° Flat Head. 

0.020 0.025 30-025 35-025 40-025

0.021 0.025 30-025 35-025 40-025

0.027 0.032 30-032 35-032 40-032 45-032 50-032

0.035 0.040 30-040 35-040 40-040 45-040 50-040 55-040 60-040

0.044 0.050 30-050 35-050 40-050 45-050 50-050 50-050 60-050 70-050 80-050

0.054 0.060 30-060 35-060 40-060 45-060 50-060 55-060 60-060 70-060 80-060 90-060 100-060

0.072 0.080 30-080 35-080 40-080 45-080 50-080 55-080 60-080 70-080 80-080 90-080 100-080 110-080 120-080

0.092 0.100 30-100 35-100 40-100 45-100 50-100 55-100 60-100 70-100 80-100 90-100 100-100 110-100 120-100 140-100

0.110 0.120 30-120 35-120 40-120 45-120 50-120 55-120 60-120 70-120 80-120 90-120 100-120 110-120 120-120 140-120

0.150 0.160 30-160 35-160 40-160 45-160 50-160 55-160 60-160 70-160 80-160 90-160 100-160 110-160 120-160 140-160

0.188 0.200 35-200 40-200 45-200 50-200 55-200 60-200 70-200 80-200 90-200 100-200 110-200 120-200 140-200

0.238 0.250 45-250 50-250 55-250 60-250 70-250 80-250 90-250 100-250 110-250 120-250 140-250

0.304 0.320 55-320 60-320 70-320 80-320 90-320 100-320 110-320 120-320 140-320

0.384 0.400 70-400 80-400 90-400 100-400 110-400 120-400 140-400

0.480 0.500 90-500 100-500 110-500 120-500 140-500

0.580 0.600 110-600 120-600 140-600
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1564 METRIC MACHINE SCREWS

End of Body: Miniature fastening screws shall be regularly supplied with flat ends hav-
ing a chamfer of approximately 45° extending to the minor diameter of the thread as a min-
imum depth.

Thread Series and Tolerances: The screw threads of miniature screws shall be in con-
formance with American Standard Unified Miniature Screw Threads, ASA B1.10-1958.

Material and Finish: Miniature screws are generally supplied in ferrous and nonferrous
materials, coatings and heat treatments which must be specified by the user. Coatings,
when required, are limited to those of electro-plating or chemical oxidation.

Designation: Screws in conformance with this standard shall be identified by the desig-
nation for thread size in conformance with American Standard ASA B1.10 followed by the
nominal length in units of 1⁄1000 inch (omitting the decimal point) and the head type. Typical
examples are:

60 UNM × 040 FIL HD

100 UNM × 080 PAN HD 

120 UNM × 120 FLAT HD

140 UNM × 250 BIND HD

Machined Finish: Roughness of the machined surfaces of heads shall not exceed 63
micro-inches arithmetical average (per ASA B46.1, Surface Texture) determined by
visual comparison with roughness comparison specimens.

American National Standard Metric Machine Screws

This Standard B18.6.7M covers metric flat and oval countersunk and slotted and
recessed pan head machine screws and metric hex head and hex flange head machine
screws. Dimensions are given in Tables 1 through 4 and 5.

Threads: Threads for metric machine screws are coarse M profile threads, as given in
ANSI B1.13M (see page 1783), unless otherwise specified.

Length of Thread: The lengths of threads on metric machine screws are given in Table 1
for the applicable screw type, size, and length. Also see Table 6.

Diameter of Body: The body diameters of metric machine screws are within the limits
specified in the dimensional tables (Tables 3 through 4 and 5).

Designation: Metric machine screws are designated by the following data in the
sequence shown: Nominal size and thread pitch; nominal length; product name, including
head type and driving provision; header point if desired; material (including property
class, if steel); and protective finish, if required. For example:

M8 × 1.25 × 30 Slotted Pan Head Machine Screw, Class 4.8 Steel, Zinc Plated

M3.5 × 0.6 × 20 Type IA Cross Recessed Oval Countersunk Head Machine Screw,
Header Point, Brass

It is common ISO practice to omit the thread pitch from the product size designation
when screw threads are the metric coarse thread series, e.g., M10 stands for M10 × 1.5.
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METRIC MACHINE SCREWS 1565

Table 1. American National Standard Thread Lengths for Metric Machine Screws
 ANSI/ASME B18.6.7M-1985

All dimensions in millimeters.

Pan, Hex, and Hex Flange Head 
Screws

Flat and Oval Countersunk Head 
Screws

Heat-Treated Recessed Flat 
Countersunk Head Screws

Nominal
Screw
Size
and

Thread
Pitch

L LUS LU L LUS LUL L B

Nomi-
nal

Screw
Length
Equal
to or

Shorter
thana

a The length tolerances for metric machine screws are: up to 3 mm, incl., ± 0.2 mm; over 3 to 10 mm,
incl., ± 0.3 mm; over 10 to 16 mm, incl., ± 0.4 mm; over 16 to 50 mm, incl., ± 0.5 mm; over 50 mm, ±
1.0 mm. 

Unthreaded
Lengthb

b Unthreaded lengths LU and LUS represent the distance, measured parallel to the axis of screw, from
the underside of the head to the face of a nonchamfered or noncounterbored standard GO thread ring
gage assembled by hand as far as the thread will permit. 

Nominal
Screw

Lengtha
Unthreaded

Lengthb Nomi-
nal

Screw
Length
Longer
thana

Full
Form

Thread
Lengthc

c Refer to the illustrations for respective screw head styles. 

Maxd

d The LUS values apply only to heat treated recessed flat countersunk head screws. 

Maxe

e The LU values apply to all screws except heat treated recessed flat countersunk head screws. 

Over

To and
Includ-

ing Maxd Maxe Min

M2 × 0.4 6 1.0 0.4 6 30 1.0 0.8 30 25.0

M2.5 × 0.45 8 1.1 0.5 8 30 1.1 0.9 30 25.0

M3 × 0.5 9 1.2 0.5 9 30 1.2 1.0 30 25.0

M3.5 × 0.6 10 1.5 0.6 10 50 1.5 1.2 50 38.0

M4 × 0.7 12 1.8 0.7 12 50 1.8 1.4 50 38.0

M5 × 0.8 15 2.0 0.8 15 50 2.0 1.6 50 38.0

M6 × 1 18 2.5 1.0 18 50 2.5 2.0 50 38.0

M8 × 1.25 24 3.1 1.2 24 50 3.1 2.5 50 38.0

M10 × 1.5 30 3.8 1.5 30 50 3.8 3.0 50 38.0

M12 × 1.75 36 4.4 1.8 36 50 4.4 3.5 50 38.0
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Table 2. American National Standard Slotted, Cross and Square Recessed Flat Countersunk Head Metric Machine Screws

 ANSI/ASME B18.6.7M-1985

All dimensions in millimeters.

For dimension B, see Table 1.

For dimension L, see Table 6.

Nominal
Screw
Size
and

Thread
Pitch

Slotted and Style A Style B

DK K R N TDS DSH
a

a All recessed head heat-treated steel screws of property class 9.8 or higher strength have the Style B head form. Recessed head screws other than those specifically
designated to be Style B have the Style A head form. The underhead shoulder on the Style B head form is mandatory and all other head dimensions are common to both
the Style A and Style B head forms. 

DS LSH
a

Body Diameter

Body and
Shoulder
Diameter

Shoulder
Diame-

ter

Body
Diame-

ter
Shoulder
Length

Head Diameter

Head
Height

Underhead
Fillet

Radius
Slot

Width
Slot

Depth
Theoretical

Sharp Actual

Max Min Max Min Min Max Min Max Min Min
Max
Ref Max Min Max Min Max Min

M2 × 0.4b

b This size is not specified for Type III square recessed flat countersunk heads; Type II cross recess is not specified for any size.

2.00 1.65 2.00 1.86 1.65 0.50 0.30 4.4 4.1 3.5 1.2 0.8 0.4 0.7 0.5 0.6 0.4

M2.5 × 0.45 2.50 2.12 2.50 2.36 2.12 0.55 0.35 5.5 5.1 4.4 1.5 1.0 0.5 0.8 0.6 0.7 0.5

M3 × 0.5 3.00 2.58 3.00 2.86 2.58 0.60 0.40 6.3 5.9 5.2 1.7 1.2 0.6 1.0 0.8 0.9 0.6

M3.5 × 0.6 3.50 3.00 3.50 3.32 3.00 0.70 0.50 8.2 7.7 6.9 2.3 1.4 0.7 1.2 1.0 1.2 0.9

M4 × 0.7 4.00 3.43 4.00 3.82 3.43 0.80 0.60 9.4 8.9 8.0 2.7 1.6 0.8 1.5 1.2 1.3 1.0

M5 × 0.8 5.00 4.36 5.00 4.82 4.36 0.90 0.70 10.4 9.8 8.9 2.7 2.0 1.0 1.5 1.2 1.4 1.1

M6 × 1 6.00 5.21 6.00 5.82 5.21 1.10 0.90 12.6 11.9 10.9 3.3 2.4 1.2 1.9 1.6 1.6 1.2

M8 × 1.25 8.00 7.04 8.00 7.78 7.04 1.40 1.10 17.3 16.5 15.4 4.6 3.2 1.6 2.3 2.0 2.3 1.8

M10 × 1.5 10.00 8.86 10.00 9.78 8.86 1.70 1.30 20.0 19.2 17.8 5.0 4.0 2.0 2.8 2.5 2.6 2.0
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Table 3. American National Standard Slotted, Cross and Square Recessed Oval Countersunk Head Metric Machine Screws

 ANSI/ASME B18.6.7M-1985

All dimensions in millimeters.
For dimension B, see Table 1.
For dimension L, see Table 6.

Nominal
Screw
Size
and

Thread
Pitch

DS DK K F RF R N T

Body
Diameter

Head Diameter
Head
Side

Height

Raised
Head

Height

Head
Top

Radius

Underhead
Fillet

Radius
Slot

Width
Slot

Depth
Theoretical

Sharp Actual

Max Min Max Min Min
Max
Ref Max Approx Max Min Max Min Max Min

M2 × 0.4a

a This size is not specified for Type III square recessed oval countersunk heads; Type II cross recess is not specified for any size.

2.00 1.65 4.4 4.1 3.5 1.2 0.5 5.0 0.8 0.4 0.7 0.5 1.0 0.8

M2.5 × 0.45 2.50 2.12 5.5 5.1 4.4 1.5 0.6 6.6 1.0 0.5 0.8 0.6 1.2 1.0

M3 × 0.5 3.00 2.58 6.3 5.9 5.2 1.7 0.7 7.4 1.2 0.6 1.0 0.8 1.5 1.2

M3.5 × 0.6 3.50 3.00 8.2 7.7 6.9 2.3 0.8 10.9 1.4 0.7 1.2 1.0 1.7 1.4

M4 × 0.7 4.00 3.43 9.4 8.9 8.0 2.7 1.0 11.6 1.6 0.8 1.5 1.2 1.9 1.6

M5 × 0.8 5.00 4.36 10.4 9.8 8.9 2.7 1.2 11.9 2.0 1.0 1.5 1.2 2.4 2.0

M6 × 1 6.00 5.21 12.6 11.9 10.9 3.3 1.4 14.9 2.4 1.2 1.9 1.6 2.8 2.4

M8 × 1.25 8.00 7.04 17.3 16.5 15.4 4.6 2.0 19.7 3.2 1.6 2.3 2.0 3.7 3.2

M10 × 1.5 10.00 8.86 20.0 19.2 17.8 5.0 2.3 22.9 4.0 2.0 2.8 2.5 4.4 3.8
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Table 4. American National Standard Slotted and Cross and Square Recessed Pan Head Metric Machine Screws

 ANSI/ASME B18.6.7M-1985

All dimensions in millimeters.
For dimension B, see Table 1.
For dimension L,  see Table 6.

Nominal
Screw
Size
and

Thread
Pitch

Ds DK

Slotted
Cross and

Square Recess

DA R N T WK R1 K R1

Body
Diameter

Head
Diameter

Head
Height

Head
Radius

Head
Height

Head
Radius

Underhead Fillet

Slot
Width

Slot
Depth

Unslotted
Head

Thickness
Transition

Dia Radius

Max Min Max Min Max Min Max Max Min Ref Max Min Max Min Min Min

M2 × 0.4a

a This size not specified for Type III square recessed pan heads; Type II cross recess is not specified for any size. 

2.00 1.65 4.0 3.7 1.3 1.1 0.8 1.6 1.4 3.2 2.6 0.1 0.7 0.5 0.5 0.4
M2.5 × 0.45 2.50 2.12 5.0 4.7 1.5 1.3 1.0 2.1 1.9 4.0 3.1 0.1 0.8 0.6 0.6 0.5
M3 × 0.5 3.00 2.58 5.6 5.3 1.8 1.6 1.2 2.4 2.2 5.0 3.6 0.1 1.0 0.8 0.7 0.7
M3.5 × 0.6 3.50 3.00 7.0 6.6 2.1 1.9 1.4 2.6 2.3 6.0 4.1 0.1 1.2 1.0 0.8 0.8
M4 × 0.7 4.00 3.43 8.0 7.6 2.4 2.2 1.6 3.1 2.8 6.5 4.7 0.2 1.5 1.2 1.0 0.9
M5 × 0.8 5.00 4.36 9.5 9.1 3.0 2.7 2.0 3.7 3.4 8.0 5.7 0.2 1.5 1.2 1.2 1.2
M6 × 1 6.00 5.21 12.0 11.5 3.6 3.3 2.5 4.6 4.3 10.0 6.8 0.3 1.9 1.6 1.4 1.4
M8 × 1.25 8.00 7.04 16.0 15.5 4.8 4.5 3.2 6.0 5.6 13.0 9.2 0.4 2.3 2.0 1.9 1.9
M10 × 1.5 10.00 8.86 20.0 19.4 6.0 5.7 4.0 7.5 7.1 16.0 11.2 0.4 2.8 2.5 2.4 2.4
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Table 5. American National Standard Hex and Hex Flange Head Metric Machine Screws ANSI/ASME B18.6.7M-1985

Hex Head

Nominal
Screw

Size and
Thread
Pitch

DS Sa

a Dimensions across flats and across corners of the head are measured at the point of maximum metal. Taper of sides of head (angle between one side and the axis) shall
not exceed 2° or 0.10 mm, whichever is greater, the specified width across flats being the large dimension. 

Ea K DA R

Body Diameter
Hex Width

Across Flats

Hex Width
Across

Corners
Head

Height

Underhead Fillet

Transition
Dia Radius

Max Min Max Min Min Max Min Max Min

M2 × 0.4 2.00 1.65 3.20 3.02 3.38 1.6 1.3 2.6 0.1

M2.5 × 0.45 2.50 2.12 4.00 3.82 4.28 2.1 1.8 3.1 0.1

M3 × 0.5 3.00 2.58 5.00 4.82 5.40 2.3 2.0 3.6 0.1

M3.5 × 0.6 3.50 3.00 5.50 5.32 5.96 2.6 2.3 4.1 0.1

M4 × 0.7 4.00 3.43 7.00 6.78 7.59 3.0 2.6 4.7 0.2

M5 × 0.8 5.00 4.36 8.00 7.78 8.71 3.8 3.3 5.7 0.2

M6 × 1 6.00 5.21 10.00 9.78 10.95 4.7 4.1 6.8 0.3

M8 × 1.25 8.00 7.04 13.00 12.73 14.26 6.0 5.2 9.2 0.4

M10 × 1.5 10.00 8.86 16.00 15.73 17.62 7.5 6.5 11.2 0.4

M12 × 1.75 12.00 10.68 18.00 17.73 19.86 9.0 7.8 13.2 0.4

M10 × 1.5b

b The M10 size screws having heads with 15 mm width across flats are not ISO Standard. Unless M10 size screws with 15 mm width across flats are specifically
ordered, M10 size screws with 16 mm width across flats shall be furnished. 

10.00 8.86 15.00 14.73 16.50 7.5 6.5 11.2 0.4
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All dimensions in millimeters.
A slight rounding of all edges of the hexagon surfaces of indented hex heads is permissible provided the diameter of the bearing circle is not less than the equivalent

of 90 per cent of the specified minimum width across flats dimension.
Heads may be indented, trimmed, or fully upset at the option of the manufacturer.
For dimension B, see Table 1.
For dimension L, see Table 6.

Table 5. (Continued) American National Standard Hex and Hex Flange Head Metric Machine Screws ANSI/ASME B18.6.7M-1985
Hex Flange Head

Nominal
Screw

Size and
Thread
Pitch

Body
Diameter, DS Hex Width Across Flats, Sa

Hex Width
Across

Corners, Ea

Min

Flange Diameter, DC

Overall
Head

Height, K

Hex
Height, K1

Min,

Flange
Edge

Thickness, 
Cb

Min

Flange
Top

Fillet
Radius, R1

Max

Underhead Fillet

Max Min Max Min Max Min

Max
Transition
Dia, DA

Min
Radius, R

M2 × 0.4 2.00 1.65 3.00 2.84 3.16 4.5 4.1 2.2 1.3 0.3 0.1 2.6 0.1

M2.5 × 0.45 2.50 2.12 3.20 3.04 3.39 5.4 5.0 2.7 1.6 0.3 0.2 3.1 0.1

M3 × 0.5 3.00 2.58 4.00 3.84 4.27 6.4 5.9 3.2 1.9 0.4 0.2 3.6 0.1

M3.5 × 0.6 3.50 3.00 5.00 4.82 5.36 7.5 6.9 3.8 2.4 0.5 0.2 4.1 0.1

M4 × 0.7 4.00 3.43 5.50 5.32 5.92 8.5 7.8 4.3 2.8 0.6 0.2 4.7 0.2

M5 × 0.8 5.00 4.36 7.00 6.78 7.55 10.6 9.8 5.4 3.5 0.7 0.3 5.7 0.2

M6 × 1 6.00 5.21 8.00 7.78 8.66 12.8 11.8 6.7 4.2 1.0 0.4 6.8 0.3

M8 × 1.25 8.00 7.04 10.00 9.78 10.89 16.8 15.5 8.6 5.6 1.2 0.5 9.2 0.4

M10 × 1.5 10.00 8.86 13.00 12.72 14.16 21.0 19.3 10.7 7.0 1.4 0.6 11.2 0.4

M12 × 1.75 12.00 10.68 15.00 14.72 16.38 24.8 23.3 13.7 8.4 1.8 0.7 13.2 0.4

a Dimensions across flats and across corners of the head are measured at the point of maximum metal. Taper of sides of head (angle between one side and the axis) shall
not exceed 2° or 0.10 mm, whichever is greater, the specified width across flats being the large dimension. 

b The contour of the edge at periphery of flange is optional provided the minimum flange thickness is maintained at the minimum flange diameter. The top surface of
flange may be straight or slightly rounded (convex) upward. 
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